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UNI TED STATES OF AMERI CA
NUCLEAR REGULATORY COWM SSI ON
+ + + + +
509t h FULL COW TTEE MEETI NG
ADVI SORY COW TTEE ON REACTOR SAFEGUARDS
( ACRS)
+ + + + +
THURSDAY, FEBRUARY 5, 2004
+ + + + +
The Committee met at the Nuclear Regulatory
Conmi ssion, Two White Flint North, Room T2B3, 11545
Rockvill e Pi ke, Rockville, Mryland, at 8:30 a.m,
Mario V. Bonaca, Chairman, presiding.
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P-ROGEEDI-NGS
8:31 a.m

CHAI RMVAN  BONACA: Good norni ng. The
meeting will nowcone to order. This is the first day
of the 509th neeting of the Advisory Commttee on
React or Saf eguar ds.

During today's neeting, the Commttee will
consi der the follow ng: ESBWR Design - Thernmal -
Hydraulic |ssues; South Texas Project Cause
| nvestigation of the Reactor Vessel Bottom Munted
Leakage; Resolutionof Certainltens Identifiedbythe
ACRS in NUREG 1740 Related to the Differing
Pr of essi onal pinion on Steam Generator Tube
Integrity; Approach for Evaluating the Effectiveness
(Quality) of the NRC Safety Research Prograns; and
Preparati on of ACRS Reports.

A portion of this nmeeting my be cl osed to
di scuss general proprietary information applicableto
t he ESBWR desi gn.

This nmeeting is being conducted in
accordance with t he provi si ons of the Federal Advisory
Committee Act. Dr. Joe Larkins is the Designated
Federal O ficial for the initial portion of the
neet i ng.

W have received no witten comments or
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request for tine to make oral statenents fromnmenbers
of the public regarding today's sessions. A
transcript of portions of the neeting is being kept
and it is requested that the speakers use one of the
m crophones, identify thenselves and speak wth
sufficient clarity and volunme so that they can be
readi |y heard.

| would liketonotethat in our published
agenda for today, the neeting i s supposed to adjourn
at -- recess at 7p.m Inreality, we will recess at
6 p.m W have an activity we have pl anned before and
that will give us the tinme and probably a few m nutes
before 6 p.m we wll recess.

W will begin with some itens of current
interest. First of all, | would like to refer youto
items of interest in front of you, a couple of
speeches by Chairman Diaz. There is interesting
congr essi onal correspondence; informati on on operating
pl ant issues and on the second page you'll find the
announcenent for the regul atory i nformati on conference
that will be held in Washington fromMarch 10 to 12,
2004 for those who plan to attend, this is inportant
i nformati on.

| have an announcenent to make. \Wile

Jenny Gallowis on rotation to NRR, Sharon Steele --
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okay, she's not here. All right, 1'll make the
announcenment tonorrow when she's hear so we can
recogni ze her.

All right. So that will be put off.

Wth that we will then nobve on to the
first itemof the agenda and that is the ESBWR desi gn,
t hermal - hydraulic issues. I will turn this
presentation over to the subconmttee chairman, Dr.
Val lis.

VI CE- CHAl RMAN WALLI S: Thank you very
much, M. Chairnman. This Committee, | think at | east
on two occasions before this, had a presentation from
GE or CENE or whatever it's called now on the ESBWR
And t hese have been very interesting and i nformative
neet i ngs. This time we're asked to decide on a
deci sion to be nade by the staff which is whether or
not to accept the TRAC-Gcode for the analysis of this
systemand for use in its design certifications.

So this time we are asked to nake a deci sion.

The subcommittee met with the staff and
GENE -- what should I call you, folks? GE, okay. GE.
And we spent two days. It was very informative. The
staff presented their SERand the mai ninterest of the
subconmittee was not that the staff was naking

deci si ons, but why they nade t hese decisions and this
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becane reveal ed i n t he second day, nostly, when we saw
a lot of evidence. It was this evidence, including,
| will add a lot of work done by the staff itself,
whi ch was very i npressive for the conmttee andreally
helped us to reach a decision, at |east the
subcommittee, | think, nade.

So that's about all | wanted to say. You
have received through the e-mail a draft letter on
this subject fromme. Those of you who didn't receive
it can get a copy from Ral ph Caruso.

Now | think we're going to hear from GE
first, is that correct, so they can set the stage and
sol'dinvite GE to give us a presentation, please.

MEMBER FORD: Graham could | just nmake a
statement? | have a conflict of interest in this
subject, since I'ma CGE retiree.

VI CE- CHAIl RVAN WALLI S: Thank you very
much. [It's been noted.

' mnot sure what parts of this, if any,
are going to be proprietary. | | ooked at the staff's
sl i des. It wasn't clear to ne if any of them were
proprietary or not.

M5. CUBBAGE: We're planning to have an
open sessi on.

VI CE- CHAl RVAN WALLI S: You' ve arranged
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with GE that some of this information which was
proprietary before is now going to be open?

MS. CUBBAGE: Correct. In sone cases, we
renoved the nunbers fromthe scal es.

VI CE- CHAl RVAN WALLIS: | think that's a
great advance.

Thank you.

MR. RAOC. Thank you. I'mAtamRao fromGCE
Nucl ear Energy. We are still GE and we are part of GE
Energy now. W are no | onger GE Power Systens.

The next four slides that | have of the
presentation are nore as reference and an overvi ew of
the design of the ESBWR.  \What you see in the top
| efthand corner is anisonetric of the ESBWR There's
the reactor vessel. This is the state of the plant
during normal operation and what we have in this pl ant
isthree pools of water, about a thousand cubic neters
| ocated above the core and the standard suppression
pool , about 3,000 cubic nmeters. Also, the top of the
suppressi on pool, the elevation of that is above the
top of the core.

Fol | ow ng t he | ast cool ant acci dent or any
ot her event where core cooling mght be threatened,
t he pl ant depressuri zes t hr ough di ver se

depressurizati on systens. You can see the safety
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relief valves out here and shown in blue are the
di ver se depressurization valves up at the top

So we have two neans to depressurize the
plant. Once you depressurize the plant, this is the
final state that the plant ends up in where the core
remai ns covered during the transient and at the end
state. It's a fairly elenentary anal ysis.

The reason why we have so nmuch margin in
the designis basically for a coupl e of reasons. One,
t he reactor vessel is about six neters taller than the
ABWR and we have about two and a half tinmes as nuch
water in the reactor vessel. So that is the first
part of the safety systemis the | arge amount of water
in the reactor vessel.

And when you get a blow down, there is
about three neters of water covering the top of the
core for all the pipe breaks. So it ranges between --
you'll see the exact nunmbers in one of the later
presentati ons.

And the water nmake wup required is
extrenely slowand you canrely on gravity to keep t he
core cover ed.

On the right hand side you see the safety
systens. | won't be going into these. | presented

t hem before. This is not to scale. This is the
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i sometric here whichis to scale. This shows all the
pools of water and the decay heat renoval, heat
exchanges whi ch are nounted above the drywall fl oor
here. They're shown out here. This is the isolation
condenser and this is the passive contai nment cool i ng
system

This shows an outline of the total plant
and you can see that the nunber of nechanical and
fluid systenms is substantially reduced in the plant
and again, these charts here are for reference. |
know they are extrenmely small versions of it, but I
can address any questions you mght have as they
relate to the issues at hand.

In addition to the design being sinple,
the analysis is fairly sinple. Al so, we've done
extensive testing of different conponents that are new
to the ESBWR. This shows the depressuri zation val ve,
a full scale test was done.

VI CE- CHAIl RVAN WALLI S: This i s a magi ci an
in front there or is that a lion tanmer to deal with
t he panthers and the pandas?

MR. RAO. This is a Ph.D. from Dartnouth
Col | ege, thermal hydraulics expert.

(Laughter.)

He has been working onit for 20 years and
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he wants to retire. And that's why he's so happy he
can see golf every day down the road.

This is the vacuum breaker, full-size
vacuum breaker test. These are the passive
cont ai nnent heat exchangers and these are the ful
height test facilities that you'll see referred in
some of the presentations. Thisis what's called @ ST
and this is the plant test facility in Swtzerland.

What i s shown on the next shot, again, is
nore for reference. It shows sone of the key
par anmet ers of the ESBWR shown on t he ri ght hand col um
here. |t conpares the paranmeters to operating BWRs,
BWR-4, BWR-6, the ABWR. And what you see basically in
the top part of the chart is the operating paraneters.
They are within the experi ence base. W have not gone
out of what is the experience base: power densities,
the size of the equipnent. There are a few
extrapol ati ons, but they're within the range of 10 or
15 percent.

What you see in the bottomtwo rows is a
nmeasure of the overall safety of the plant. You see
reduced core damage frequency. As you go fromleft to
right you see that there's been a steady inprovenent
inthe core damage frequenci es for BWRs. And what you

see in the right hand colums is the ABAWR and ESBWR.
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These are approxi mate nunbers, not the exact detail
nunbers. Wiat it shows is the order of magnitude of
the core damage frequency for the ABWR and ESBWR
simlar.

But the key thingto noticeisinthelast
row out here is as we evol ve the BWR desi gns, the core
damage frequencies inproved because we added nore
di visions of equipnent, nore diversity and nore
equi pnent basically is the way we i nproved t he overal |
core damage frequency.

VI CE- CHAIl RVAN WALLI S: Al so nore water, |
nmust say.

MR RAO \Well, there is nore water --
there are a fewother things that are different in the
ABWR rel ative to the earlier designs, but it reduced
t he nunber of |arge pipe breaks, for exanple. You
don't have any | arge pipe below the core el evation,
for exanple, in the ABWR or the ESBWR

But the key thing is that we were able to
keep the core damage frequency the sane between the
ABWR and ESBWR, but with a |l ot | ess equi pnent whichis
shown in this neasure out here, which is the size of
t he safety building vol une.

So what it does is it reduces the

conmpl exity of the design, it makes the analysis a | ot
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easier and makes life a |lot easier for the operator.

And of course, ultimately, in additionto
inmproving the safety and the security, this
sinplificationresultsinasignificant i nprovenment in
t he overall econom cs of the plant design.

VWhat is shown in the top right hand
colum, right hand part of the picture --

VI CE- CHAl RMAN WALLI'S: | don't think we're
tal ki ng here about inprovenments in security?

MR. RAC We're not revealing that there,
but --

VI CE- CHAl RVAN WALLIS: It may becone an
i sSsue, but | don't think we're making any
reconmendat i ons or deci sions about security.

MR RAO  No.

VI CE- CHAI RVAN WALLI S:  Thank you.

MR. RAGC But just as background, all the
safety systens are i nside the contai nnent whichisin
order and so from that perspective there's a
significant inprovenent there.

When you | ook at the plant building, this
is an actual section of the building, what you see is
t he maj or pi ece of equi pnment is the reactor vessel and
what we've basically done, conpared to the BWRs t hat

you mght be famliar with is that we've elim nated
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al nost six floors of safety-grade equi pnent that used
to be attached on the outsi de of the reactor buil ding.
This is the contai nment boundary, basically. Al of
t hat safety-grade equi pnent is now no | onger there.

What we have al so done is we've -- like
t he BWR si x Mach 3s, we have a separate fuel buil ding.

Last chart and the next step, we are
foll ow ng what we call a stepw se approach for getting
this plant through the design certification process.
The reason we adopted this approach is we believe it
gets the long lead itens reviewed earlier. Just to
put it in perspective, the submttals that went into
what we' re di scussi ng today were i nthe range of 5,000
pages of submttals.

So what we are | ooking for i s approval of
the TRAC-G code for both the ECCS and contai nment
anal ysi s.

VI CE- CHAl RMAN WALLI S: That's just a
restricted set. I think I originally opened this
neeti ng sayi ng t here was approval of TRAC- Gfor design
certification. It doesn't get that far. [It's just
for LOCA anal ysis.

MR. RAG Yes, thank you. There are nore
specific words that the staff has used and |'ve just

ski pped it.
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VI CE- CHAI RVAN WALLIS: We'd like to see

what those words actually are when we get there.

MR. RAO Yes. The staff's words are nore
conpl et e.

We wi || al so ask for approval of the TRAC
Gfor undi sput ed operational occurrences inthe mddle
of the year. And then approval of TRAC-G for
stability and ATWS by the end of this year.

VI CE- CHAl RVAN WALLI S: So you will be
com ng back to us several tines this year?

MR. RAO Yes. And then once we've got
all of these anal ysis nethods out of the way, we w ||
come inwith a design and what's call ed the DCD by t he
m ddl e of next year. Since nost of the hard stuff
woul d have been gotten out of the way, our expectation
is that the FSER woul d be done within about a year.
| just want to clarify these dates are still under
di scussion with the NRCstaff andit's -- this is what
our goal is and our expectation is.

And the next presentation is by Dr.
Shiralkar. |If there are any questions on the design,
| will try to take themright now.

MEMBER ROSEN: | ' mj ust curious about your
statenment that you think nost of the hard stuff has

been done with t he TRAC approval s. Certainly has been
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difficult in the new feature of the design, but when
we | ook at a new design, we | ook at the new features
and there are some new features.

MR RAO  Yes.

MEMBER ROSEN: For instance, these new
vacuum breakers. So there are some chal | enges ahead
relative to review the design. Don't you agree?

MR. RAG Yes. The information is there
and we believe it will be a lot easier. That's our
hope. I"'m still followng Dana's advice. Dana
stepped out. He told us that it will be approved in
two weeks. So we're still looking to that.

MEMBER ROSEN. Wl |, Dana has a way of
per haps exaggerating a little bit.

MR. RAO. No, there are hard -- what | was
trying to say is that this part will focus on the
har dwar e, okay. What we will have done out here wil|l
be the -- all the analysis tools that are needed to
eval uate t he perfornmance woul d be out of the way, the
testing woul d be out of the way. And the focus in the
DCD woul d be on the systens. W' d have to | ook at the
redundanci es and the reliabilities of the systens.
W' ve presented that information as part of this
subm ttal already, so the information is there and

that's why we feel that the review will be easier
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because the informationis already there on the table.

MEMBER ROSEN: W have hardware to | ook
at. W have operations, maintenance, testing, all of
t he standard things that need to be | ooked at. Sonme
of themmay be conplicated by the passive design. |
just don't know. So | wouldn't understate the need
for deliberate care as we go forward.

MR RAO No. W expect this to be as
t horough a revi ew as the ones that we' ve gone t hrough
ri ght now

VI CE- CHAI RVAN WALLI S:  Thi s make sense to
ne. If we approve, the staff approves the design
tools, then it's conceivable that you m ght do sone
optimzation, alittle tweaking of the sort of things,
details before the DCD using these design tools. It
m ght turn out that inprovenents could be nade by
maki ng sone slight change in a valve or sonething,
concei vabl y.

MR RAO Yes. It's shown out here on
this table out here the itenms with the asterisk are
items that we are | ooking to optim ze and what we did
give the staff was a reference design which is what's
shown out here. When we cone inin the m ddle of 2005
now t hat we have the anal ysis tools approved, we wl|

be doing sone optimzation of the design. But we

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

19

don't expect any of these paraneters to be changi ng by
anything like 50 percent. W're tal king about 10 or
15 percent at best.

VI CE- CHAI RVAN WALLI S:  Anot her questi on.
The role of PRAin all of this. This not, presumably,
or isit, arisk-informed application? And the nove,
even if it's not a risk-informed application,
presumably you're going to submt risk information
because that would be useful. |s the PRA part of the
subm ttal you're going to nake in 20057

MR. RAO Yes. We will make the submtt al
for the PSAin the -- what we're calling the DCD and
the safety analysis report in the mddle of 2005.

The PSA was used extensively inthe design
of sonme of the features in this plant. And there's
not enough time to cover that out here, but we can --

VI CE- CHAl RVAN  WALLI S: That's very
desirable, it seens to ne. Rat her than desi gning
sonet hi ng, thinking about ri sk afterwards. One should
put risk nmeasures right into the design at the
beginning and aim for a certain level of risk or
safety, let's call it. Youcall it PSA so let's say
a certain level of safety. Designing a certain |evel
of safety into the plant fromthe begi nning.

MR. RAO | don't knowwhether it shows up
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out here, one of the things that we included in the
design as a result of this safety consideration was
separating out in one of the earlier stages of the
design the PCCs and the | Cs were one conponent. That
heat exchanger -- | ook at the heat exchangers. They
| ook ali ke, except this one is a higher pressure heat
exchanger andthis is alower pressure heat exchanger.
So very early on in the design, we deci ded we want ed
to separate out the isolation condenser and the PCC
because that is a prevention system and this is a
mtigation system So we separated out the prevention
and mtigation. So that was one of the bi gger changes
t hat we adopt ed.

Anot her change that we adopted may not
show up in this one is we actually have a nonsafety
| ow pressure injection system which relies on the
punps fromthe fuel pool cooling systembecause we' ve
got the punps and the power sources for that. W saw
by adding an extralineinafewwells we could reduce
t he core damage frequency by about a factor of two.
So that was put into the design as a result of the
PSA.

So the PSA was used extensively in the
optim zation of the design and the optim zation that

we'll be doing in the coming nonths is primarily
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related to the vessel in the core. W're going to
keep the vessel dinensions the sane because of
construction considerations. W want to stay with the
current infrastructure, soit'sgoingtoremainat 7.1
nmet ers.

VI CE- CHAl RMAN WALLI' S:  Can we nove on to
Bharat's presentation?

MR RAO  Yes.

VI CE- CHAl RMAN  WALLI S: Do Committee
Menbers have ot her questions for Atam Rao?

MEMBER LEI TCH: Just one real quick
question. Is there still sone further testing on-
going to confirmthe applicability of TRAC-G for the
AAO and the stability in ATWS situations or is the
physical testing actually conpl ete?

MR. RAO. The testing that is needed for
these submittals is conplete.

MEMBER LEI TCH: Ckay.

MR. RAO | have you a | awer's answer.
The testing needed for these submttals is conplete,
but we always keep going testing and we have
additional testing that's on-going, but those are
confirmatory tests.

MEMBER LEI TCH: Ckay. Thank you.

VI CE- CHAIl RVAN WALLI S: Are we ready to
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nove on?

MEMBER KRESS: One of the things that
normal Iy concerns us about BWRs i s the stability issue
at | ow power.

MR RAO  Yes.

MEMBER KRESS: Have you addressed t hat for
the ESBWR and will we hear about it?

MR. RAO You'll be hearing about it.
We're going to nmake a submttal in the mddle of the
year on stability and we'll give you nore detail ed
presentation at that tine. But the short answer,
Bharat can address any questions that you have on t he
stability during his presentation.

VI CE- CHAl RVAN WALLI S: Ckay, we'll nove on
to the next presentation. Thank you very nuch.

MR. SH RALKAR: Good norning. |'mBharat
Shiral kar from GE.  The thrust so far of the ESBWR
submttals to date has been to obtain confirmation
that the technology program is efficient and that
TRAC-Gis applicable for safety analysis. And in ny
presentation today 1'Il just touch upon a few
hi ghl i ghts to support that conclusion that, in fact,
TRAC- G - -

VI CE- CHAIl RVAN WALLI S: May | ask, none of

this is proprietary? |Is that true?
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MR SH RALKAR: That is correct.

VI CE- CHAl RVAN WALLI S:  Thank you. O if
it was proprietary before, it no longer is. | think
some - -

MR. SHI RALKAR: | think sone of the scal es
have been renoved, yes.

VI CE- CHAl RVAN WALLI S: Ckay, but sone of
these figures which I think we see here in your
presentation have been presented in the past as if
they were proprietary. You' ve done things to make
t hem nonproprietary?

MR SHI RALKAR  Yes.

VI CE- CHAIl RVAN WALLI S:  Thank you.

MR. SHI RALKAR: W followed a systematic
approach in the ESBWR technol ogy program W pretty
much foll owed the steps of the so-call ed CSA process.
We defined scenarios, defined inportant phenonenon,
determined code applicability, established the
assessnment matrices, done the tests and defined the
experimental accuracy and the code accuracy and
defined the margins.

VWhat 1'd like to do in this presentation
is just to give you a few exanpl es of test coverage,
key phenonena, nodel accuracy and the overall design

mar gi ns.
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Turning to test coverage first, what this
figure is shows the response of containnment and
reactor pressure vessel in terns of pressure versus
time for a typical pipe break. You can conveniently
divide the transient into three segnments. The first
is a blowdown period which | asts about the first 10
m nutes or so when the reactor depressurizes and the
cont ai nnent cones up to pressure.

Foll ow ng that, the gravity driven cool i ng
systeminitiates and we have what is called a GDCS
period where the GDCS pools are draining into the
reactor vessel andrefillingit. That |asts for maybe
about an hour.

Fol | owi ng t hat then we have the | ong-term
period whi chis basically acontai nment response i ssue
where the decay heat is being renoved by the passive
cont ai nnment cool i ng condensers.

VI CE- CHAIl RMAN WALLIS: It would be niceto
see those curves actually begin to cone down after
t hree days. They reach a maxi num - -

MR. SHI RALKAR They are pretty -- yes, |
t hi nk what happens is that you cone into a quasi-
equi librium

VI CE- CHAl RMAN WALLI S:  Yes, but t hey don't

go up any further.
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MR, SHI RALKAR: They don't go up any

further. They stabilize. You do have, of course,
active systemthat's available to bring the pressures
down, but the passive will just maintain the pressure
at about that |evel.

VI CE- CHAl RVAN WALLI'S: It m ght go up, for
instance, if you ran out of water in the passive
system You have -- eventually, you have to refill.

MR. SHI RALKAR:  You have to refill it,
yes. So the bottom part of this figure shows the
testing that has been perforned. These are all
integral systenms tests. The TLTA and FI ST and the
test and contai nment bl owdown tests cover the early
part of the transient. The G ST tests were done to
| ook at the performance of the GDCS system They
initiated about 10 bar pressure and covered the |l ate
bl owndown in GDOCS phase as do the G RAFFE system and
i ntegral tests.

The | ong-termperiodis covered by G RAFFE
and the PANDA test facilities. It's different scale
facilities. GRAFFE is a small facility. PANDA is
fairly | arge, about 150 scale. And sone of the PANDA
tests were started earlier in the GDCS phase to
provide other |labs with the other tests.

So you can see that we have overlap in
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coverage wth these tests of the entire LOCA
transient.

Finally, as far as the conponent tests are
concerned, the PANTHERS PCC which is pretty much a
full -scal e PCCS condenser, passive contai nment cool i ng
condenser has been tested over a range of conditions
of steam flow and uncondensable flows covering the
entire range of the LOCA transient.

So anong these tests now we have overl ap
in coverage at different scales for the entire LOCA
transient.

Just to show you that tests of different
scal es produce simlar results, here are a coupl e of
exanpl es. The figure onthe right here and t he bottom
figure are for heat renoval by t he passi ve contai nnent
cool i ng condensers. This one shows the heat renoval
as a function of the normalized pressure and plotted
are data fromthe PANDA | C PCC which is a section of
t he PANTHERS PCC, t he PANTHERS PCC bei ng al nost full -
scale. And you can see the data fromthese different
sized facilities cones together very nice.

VI CE- CHAl RVAN WALLI S: What we're really
doi ng here is evaluating TRACG So it woul d be nice
to have a TRAC-G prediction on these curves.

MR SH RALKAR: W do have that, of
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course, later

VI CE- CHAI RVAN WALLI S: That's what the
subject of this neeting is.

MR.  SHI RALKAR: Yes. This is part of
establishing that there are no scaling effects from
the data, that the test data come together and
simlarly, this one shows the degradation of heat
transfer, given uncondensabl es. This is the heat
renoved by the condenser plotted versus the
concentration of uncondensables from different
facilities at different scal es and again they |ine up
very nicely.

The top figure here i s one on contai nnent
performance. This is the contai nment peak pressure
pl otted as a function of noncondensabl e concentrati on
inthe wetwell. And this data covers different gases
like helium and nitrogen in air. It also covers
di fferent scales whichis a PANDAtest facility and a
G RAFFE test facility whichis asmall test facility.
And it makes the point that the primary cause of the
pressure increase is sinply the transport of
noncondensables to the wetwell. It's a nice
correlation between that concentration and the
pressure reached in the wetwell.

VI CE- CHAl RVAN WALLIS: This is sinply a
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partial pressure thing which is alnost a honework
problem isn't it?

MR, SHI RALKAR  Yes.

VI CE- CHAIl RMAN WALLI'S: Put nore gas in
t he pressure goes up.

MR. SHI RALKAR Exactly. The difference
being, the difference fromthe 45 degree |ine being
sone increase due to the vapor pressure in the
wet wel | .

VI CE- CHAIl RVAN WALLI S:  The ot her question
is how well can you predict this transfer of
noncondensabl e.

MR. SHI RALKAR: W' || show you that as we
go al ong.

So this is with respect to the test

coverage. The next iteml was going to tal k about was

MEMBER RANSOM On t he nornal i zed val ues,
where is the design nom nal value on those --

MR. SHI RALKAR: On the pressureit will be
at about 3 bar.

MEMBER RANSOM No, you have it normali zed
froml think 1/10th --

MR. SHI RALKAR: Are we tal ki ng about this

figure here?
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MEMBER RANSOM  Ri ght.

MR. SH RALKAR: This figureis normalized
to a pressure of 3 bars.

VEMBER RANSOM So that is the nornal
operating condition --

MR SHI RALKAR  For the PCC. This also
covers the | Cdata whi ch goes to much hi gher pressure.

MEMBER RANSOM  Ckay.

MR,  SHI RALKAR: Turning to the LOCA
transient, as Atam said earlier, the ESBWR LOCA
transi ent response to pipe breaks is extrenely mld
and the reason for that is sinply the anount of water
that you have in the reactor vessel. You have nore
than twi ce the amount of water that you used to have
in the previous designs and what happens is that when
you scramthe reactor falling and it breaks, the vise
inside the core region here collapses and the water
that was sitting in the downconer and around the
separators basically rushes in and establishes an
inventory inside the chimmey. So this water now has
now cone down here and settl ed i nside the chi mey and
beyond that point it's just a matter of how nuch wat er
you | ose due to the bl owdown process and how nuch
wat er do you nai ntain.

The ri ght hand pl ot shows that if you | ook
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at the water |evel above the top of the core versus
time in the ESBWR, the m nimum water reached, |evel
reached i s about nore than two neters above the top of
t he chimey, the m ninmum water |evel being at this
poi nt --

VI CE- CHAIl RVAN WALLI S: The top of the
core?

MR. SHI RALKAR Yes, above the top of the
core within the chi mey.

So the initial inventory dom nates the
LOCA transient just be of the sheer volune of water
inside the vessel and we nmintain a margin of .12
neters to cover it.

So given that, | wanted to give you a
flavor of what sone of the inmportant factors are in
this transient and to show you that we do have the
code qualified and assessed agai nst those phenonena.

We're looking ultimately at a prediction
of the chimey level for the reactor vessel and this
is determned primarily by the void fractions in the
different regions. The void fractioninthe different
regions are calculated in TRAC-G by what is called
interfacial sheer nodel. It's the sheer between the
two phases.

And so we' re | ooki ng at the nodel s i n TRAC
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which are the interfacial sheer in the core and the
interfacial sheer inthe chi mey, interfacial sheer in
the | ower plenum downcover and also critical flow
determ nes how nuch inventory you |ose due to the
bl owndown process.

For all of these, this colum shows that
we have realistic nodels in the TRAC code and that
t hey have been assessed against relevant data. And
finally, the chimey level is the output cal cul ation
of using all of these nodels, the integral cal cul ation
and for that al so you have assessnment agai nst i nt egral
tests.

VI CE- CHAl RVAN WALLI S: Most of these
interfacial sheer effects have to do with whether or
not the steamwhich is |l eaving carries water withit,
is that what the --

MR. SHI RALKAR:  Yes, and how nuch wat er
remai ns inside the regions, how nuch water is left,
yes.

VI CE- CHAIl RVAN WALLIS: Steamhas to cone
out .

MR, SHI RALKAR  Yes.

VI CE- CHAIl RVAN WALLI' S: And t he questionis
does it carry alot of water with it by sheer or does

the water stay behi nd?

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

32
MR.  SHI RALKAR: Exactly. This shows

t ypi cal conpari sons of TRAC-Gfor one of the inportant
paranmeters and that is the chimey void fraction of
the interfacial sheer in the chimey and here we're
| ooking at data from various facilities which have
| arge hydraulic dianeters, diameters that are
conpar abl e to chi nmmey di amaters. A chimmey partition
cell is a square region with the dinmensions of .6
nmeters.

VI CE- CHAIl RVAN WALLI S: There i s sonet hi ng
in the transcript, | read the transcript at our
subcommittee neeting which | think needs to be
corrected. The transcript reads 26 meters and | think
it should be saying .6 neters.

MR SHI RALKAR: Zero point 6 neters.

VI CE- CHAI RVAN WALLI S: Because it's very
strange to have a transcript that says the size is 26
neters. That's way out of line. W don't have a
chance to change these transcripts, but for the
record, if anyone is |ooking at the transcript of a
subconm ttee neeting that 0.6 sonmehow got transcri bed
as 26. And that is not correct.

MEMBER POVNERS: Were that the only flaw
that ever showed up in the transcript it would

probably be devastati ng.
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VI CE- CHAl RMAN WALLI'S: There are | ots of

other flaws in the transcript --

MEMBER POVNERS: Are you really proposing
that you want to spend the tinme plow ng through and
correcting transcripts?

VI CE- CHAl RVAN WALLI'S: No, but sonebody
else who is really interested in this mght.

MR. SHI RALKAR It nmust be due to the | ack
of clarity in my accent.

MEMBER POVERS: No, don't bl ane yourself.
Dr. Kress is famous for the |line "defense-in-death" --

(Laughter.)

MR, SH RALKAR: Fortunately, they probably
m sspel | ed your nane too.

(Laughter.)

MEMBER PONERS: So you don't get bl aned.

MR. SHI RALKAR: At this point, 0.6 neters
and these facilities provide datain vessel s that have
sizes of the order from50 centineters to 1.2 neters.

This is a sinple test where steam w ||
bubbl e up through stagnant |iquid. Conparisons of
TRAC- G versus the data --

VI CE- CHAl RVAN WALLI'S: | think youneedto
say the TRAC-G wasn't fudged to fit this data. I

understand t he nodel in TRAC-Gthat's used t hr oughout
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the whole rest of the systemis the sanme nodel that
fits these data. It's not asif you fudgeit, is that
true?

MR.  SHI RALKAR: There's only one nodel
that's used, but there is a correction for [|arge
di aneters

VI CE- CHAl RVAN WALLI S: Ch, thereis, okay,
so there is sone correction.

MR. SH RALKAR: There is a correction and
the correction, in fact, uses sone of this data --

VI CE- CHAl RVAN WALLI S: The surprising
thing is it doesn't make nuch di fference because the
steam seens to be broken up into small bubbles, so
that's why you don't have to correct very much of the
data for small pipes.

MR, SHI RALKAR: Yes, we entered the
i nterfacial sheer correl ations through an equi val ence
with the vapor flux correlations and we have found
t hat we needed to nake sone changes to the V& term
for exanple, for large dianeters which affects the
size of the bubbl es.

This one is data fromthe ESBWR which is
an experimental volunme water reactor that was run in
the [ate 1950s, early 1960s | think in Oregon. This

has a core of about one neter, 1.2 nmeters and a hei ght
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of the chimmey is about 1.5 neters. And there was
some probes in there to neasure t he pressure drops and
obtain void fractions inthe peripheral region andthe
central region.

And we predicted those quite well,
slightly over-predicted the peripheral void fraction
which is not surprising because there is a power
gradient in the reactor and you have |ower power
regi ons near the periphery and we were using just one
pi pe for that condition

And this is the Ontario hydro data which
was obtained in 50 mllineter, 50 centineter pipe, 10
nmeters high, vertical pipe in whichthe void fraction
was varied by draining the | oop at pressure. And the

prediction of the void fraction were quite accurate.

In fact --

VI CE- CHAIl RVAN WALLI S: It shows up better
in our transparency, | think.

MR, SH RALKAR: |'m sorry?

VI CE- CHAl RMAN  WALLI S: | think the

compari son shows up better in the handout than on the
screen unless I"'m-- | guess it is there, but it's a
little ghostly.

MR. SHI RALKAR: It's kind of hard to see,

but | think we have shown this before in |larger plots
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and we can provide you the |larger plots.

VI CE- CHAl RVAN WALLI S: That's okay.

MR. SHI RALKAR: These are just to showyou
sone exanples at this point.

The concl usi on was that interfacial sheer
nodel predicts large dianmeter data with errors that
are conparabl e to data uncertainties that neans onthe
order of 2 to 3 percent which is about as good as you
can do, obviously. So we're happy with that.

Anot her inportant paraneter is critical
fl ow and we' ve got a coupl e of conparisons here. One
i s through the Marvi ken test inthe top | efthand si de.
And a pressure suppression --

VI CE- CHAI RVAN WALLI S:  You have no scal e
there, but the Marviken test is avail able to anybody
who wants to to look it up.

MR SHI RALKAR:  Yes. True.

VI CE- CHAl RVAN WALLI S: There's not hi ng
secret about Marviken.

MR. SHI RALKAR: But you don't know whi ch
test it is.

(Laughter.)

VI CE- CHAI RVAN WALLI S: It's not because
you don't know the flow rate --

MR. SHI RALKAR: 1t's conceal ed because you
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know what the test nunmber is. But anyway, you can
probably find out.

VI CE- CHAI RVAN WALLIS: That's all right.
That' s okay.

VR. SHI RALKAR: And the pressure
suppression test facility, the GE test facility with
is blowmn down from-- |ooks like a blowdown from a
vertical vessel and again, the critical flow is
predicted accurately. | can tell you that we | ooked
at a nunber of critical flow neasurenents and the
errorstypically are -- the standard deviationis |ess
t han 10 percent.

VI CE- CHAl RVAN WALLIS: | think what the
subcomm ttee asked you to do was to show us sone
pi ctures and not a whole torrent of words.

MR. SHI RALKAR: Yes, thank you. W were
trying to conply.

Here i ntegral predictions of the DECSIi ne
break case inthe G RAFFE test facility shows that the
reactor pressure vessel on the lefthand side and
response and t he chi mey | evel on the right hand si de.
And you can see again the predictions are fairly good.
The mninum level in the chimey was predicted
narrowed with .1 meter which is quite a bit |ess than

the margi n that we have of 2 meters. So we thinkit's
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good enough.

MR. SHACK: \What's the dianmeter of that
line?

MR. SHI RALKAR: Di aneter of?

MR. SHACK: The GDCS line. |Is that a 6-
inch line?

MR RAC. Thelineitself is 6 inches, but
the nozzles are 3 inches connecting to the vessel.

VI CE- CHAI RMVAN WALLI S: So the nozzles
[imt the flow

MR, SHI RALKAR  Yes.

MEMBER RANSOM Have you done any work to
justify the use of standard deviation for
characterizing the uncertainty in these conparison?

MR. SHI RALKAR: We have used it, yes. W
try -- when we do that, you nmean for the --

MEMBER RANSOM What |'masking really is
thisinmplies a statistical distribution of the errors
and |' mwonderingif that's a correct characterization
or should there sinply be a range of deviation?

MR. SHI RALKAR: | thinkit's different for
different things. VLike for void fraction data, for
exanpl e, where we have a | ot of data, | think you can
characterize it quite accurately in terns of

statistical distribution.
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MEMBER RANSOM  The inplication is that

this is some kind of normal distribution.

MR, SHI RALKAR: It's not necessarily
nor mal

MEMBER RANSOM It inplies it.

MR. SH RALKAR: |f you have enough dat a,
you can test it for normality in ternms of the
distribution of errors which we have done, for
exanpl e, void fraction errors.

MEMBER RANSOM Wl |, the danger woul d be
that if sonebody takes the sigma that you give them
and then assune that that represents a normm
di stribution of the errors, then they're going to get
an incorrect result.

MR, SHI RALKAR: True. when we do
statistical analysis, we are careful to try to
characterize themas a uniform distribution if you
don't have enough data or the normal distribution if
we have that data or different distribution if we
can't characterize it.

MEMBER RANSOM | think this is inportant
if you nove, as you nove towards the realistic
nmet hodol ogy as opposed to say a conservative --

MR. SHI RALKAR: That's true. In fact, for

t he AOCs, the operation of transients, we do apply all
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of themin a statistical nanner and we take, we go to
a lot of trouble to try to characterize these
distributions as the best we can.

VMEMBER LEI TCH: | assume that in the
actual plant, the operator has no know edge, no direct
know edge of chimey level. |It's |ike present BWRs,
he's really looking at the |level and --

MR. SHI RALKAR: That's right. You only
have the downconer |evel.

MEMBER LEI TCH: That's the only
i nformati on he has?

MR SHI RALKAR  Yes.

MEMBER LEI TCH:  Ckay, thanks.

MR,  SHI RALKAR: Turning to contai nment
pressure response, if you look at the containnment
pressure response to a break, there's a short term
response where you have the bl owdown flow into the
drywel I . You have the vent clearing process and t hen
the wetwel |l starts to pressurize. But in the ESBWR
the long termpressure is thelimting pressure. The
short termpeak is nuch smaller, usually, and so the
| ong termpressure can be cal cul ated very sinply. You
can calculate it and what |'ve shown here on this
read line is alnmost the back of the envel ope

cal cul ation in which what you do is you push all the
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noncondensable initially in the drywell or to the
wetwell and you nmake an estimte of what the
suppr essi on pool tenperature would be to get a vapor
pressure and you add it to get the total pressure.

And you can see that you can al nost make
a hand cal culation or a rough cal culation that wll
tell you where you're going to end up.

VI CE- CHAI RVAN WALLI S: The other thing to
do would be to put all the noncondensables in there
and then vary the tenperature in the space and
saturation pressure and find out howhot it woul d have
to beinorder for that line to nove up to this design
pressure.

MR. SHI RALKAR  Yes. W know, in fact,
that if the suppression pool gets hotter than let's
say 190 degrees Fahrenheit or so then the wave of
pressure increase is fairly rapid.

VI CE- CHAl RVAN WALLI S: That's right. And
that little red line would nove up closer to the big
red |line.

MR. SHI RALKAR: Exactly.

VI CE- CHAl RMVAN WALLI S: So you have to
calcul ate that tenperature pretty well.

MR SHI RALKAR: Yes, yes. You can

estimate it by assuming that a part of the pool above
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the vent | evel is the active absorber of energy and so
on.

VI CE- CHAI RVAN WALLI S:  That was, | think,
your approach that you took before the subconmttee
was to bound these things.

MR. SHI RALKAR: Yes, and | pointed to nake
also that we have a margin of about a bar on the
pressure, to the design pressure.

So again the phenonena we're trying to
calcul ate here is that contai nment pressure and the
paraneter of interest, the inportant paraneter, the
PCC heat transfer, how nuch energy will renove the
PCC, non-condensable transport to the wetwell and
suppression pool certification. These are the
paranmeters that control the wultinmate pressure
response.

We have a realistic TRAC-G nodel for the
PCC heat transfer. The non-condensabl e transport and
suppression pool certification we're treating in a
conservative way, but we do have sone data that al |l ows
us to assess how good those approxi mati ons are. And
we al so have data for the integral response of the
cont ai nnent pressure fromthe PANTHERS test.

To show you a couple of exanples, the

PANTHERS PCC per f or mance PANTHERS i s a ful | - scal e heat
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exchanger for the contai nnent, passive containnent
cooling for the ESBWR scal e whi ch i s about 75 percent
of the side that will beinthe ESBWR. Soit's a very
| arge scal e heat exchanger

The figures, this figure here shows the
energy renoval by the PCC, the function of the inlet
pressure. The inlet pressure is the test we run so
the inlet pressure with a floating variable. The
inlet pressure floated to the |l evel that was needed to
renove all of the energy because as the pressure
increases the delta T crosses fromthe primary to the
secondary i ncrease.

And you can see the track here is
calculating at slightly higher pressure to condense
the steamwhich is slightly conservati ve.

These figures here are for steam air
conditions for a given steamflowrate and a given air
non- condensabl e flow rate to show the efficiency of
condensation whichis defined as the fraction of steam
that's condensed, a fraction of the inlet steam a
function of the inlet pressure. And this one shows
the pressure drop in the condenser, as again, a
function of the inlet pressure.

TRAC- G cal cul ations predict these data

very well. One thing to note is the pressure drop
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within the condenser itself is very small. It's on
the order of 5 to 6 kPa which is |less than a psi and
so these differences which are still large are still
at the order of say 1 kPa or thereabouts.

VI CE- CHAIl RMAN WALLI S: Essential ly neans
that the wetwell and the drywel| have about the sane
pressure, doesn't it?

MR. SHI RALKAR: No. The wetwell drywell
pressure is usually set by the subnergence of the --

VI CE- CHAl RVAN WALLI'S: It's a hydrostatic
term This would be in the steam space.

MR. SHI RALKAR: That's right. The PCC
performances are predicted and the errors are snal
conpared to the design margins. That's the point |
wanted to nake on this figure.

And finally, this is a prediction of the
pressure, containnment pressure reached in integral
systens tests. PANDA is a large-scale test with a
drywel | wetwel | and reactor pressure vessel sinmulation
that is a steam source.

VI CE- CHAI RMAN WALLI'S: This is a real eye
test. You're going to have to tell us what's going
on.

It's a real eye test to |look at this.

You' re going to have to descri be what you nmean by the
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vari ous curves.

MR. SHI RALKAR: Ckay. These are three
different tests with the -- this one is the nom na
test wththe small initial volune of non-condensabl es
that get noved over to the wetwell. And follow ng
that, the PCCis able to renove the energy and so the
pressures |level out, fairly mld transient.

VI CE- CHAl RMAN WALLIS: This is pressure
versus tine?

MR. SHI RALKAR Yes, pressure versus tine.
This is pressure versustinme for three different tests
in the PANDA test series.

VI CE- CHAIl RVAN WALLIS: And one of these
traces is the prediction?

MR. SHI RALKAR: This one, thetoptraceis
the driver pressure. The bottomtrace is the wetwell
pressure.

VI CE- CHAI RVAN WALLI S: Those ar e neasur ed
or predicted?

MR. SHI RALKAR: The two |ines there which
| can barely read, but | think the dashed line --

VI CE- CHAI RVAN WALLIS: It's a solid line
and a dashed line that are --

MR. SHI RALKAR  The dashed line is the

TRAC-G prediction. The solid line is the data.
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VI CE- CHAI RVAN WALLI S: And t he nmessage i s

t hat --

MR. SHI RALKAR: The nessage is that the
predictions are good for all these three cases. This
one is slightly conservati ve.

VI CE- CHAl RMAN  WALLI S: And t hose
devi ations that we see at the right hand end of that
curve that you were just on, are not significant
conmpared with sone criteria?

MR SHI RALKAR: No. And the reason the
track i s cal culating a higher pressure and t he reason
for that is this test was a very extreme case where we
had 100 percent non-condensable initially in the
drywell. So all of those have to be noved over to the
wet wel I and sone of themremain behindinthe test and
TRAC-G calculated -- all of them noved over and
cal cul ated a higher pressure at the end.

But even that --

VI CE- CHAl RMANWALLI S: So you argue that's
conservative, | suppose?

MR SHI RALKAR It's conservative and even
t hat pressure difference is not significant conpared
to the one bar margin that we have.

VI CE- CHAl RVAN WALLI S: kay, that's good.

Thank you.
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MR. SHI RALKAR: 1'd like to make a point

on this chart that the margins for LOCA that we've
been tal king about are large. What |I'm showi ng are
results for three breaks, three limting breaks that
we consider, the main steamline break, the GDCS|ine
break and a bottomdrain |line break. W considered
different failures. One, a failure of a DPV, the
failure of an SRV, safety relief wvalve, a
depressurization val ve which depressurizes into the
drywel | . The SRV depressurizesintothe wetwell, into
t he suppressi on pool

VI CE- CHAl RMAN WALLI S: You call these
[imting LOCAs. The inplication is that all other
LOCAs are sonehow mil der than these ones?

MR SHI RALKAR  Yes.

VI CE- CHAIl RMAN WALLIS: Is that the case?

MR SHI RALKAR  Yes.

MEMBER ROSEN:  What is this bottomdrain
line? What's the purpose of that?

MR. SH RALKAR: The bottomdrain line is
for -- it's used for shutdown cooling. It's al so used
for clean up system

MEMBER ROSEN:  For what ?

MR. SHI RALKAR:  Reactor cleanup.

MEMBER ROSEN: So it's nore than a drain.
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It's not like -- it inplies that it's a naintenance
drai n, the wording.

MR SHI RALKAR: No, no. | think that's
t he term nol ogy that we use.

VI CE- CHAI RVAN WALLIS: It's a pi pe com ng
out of the bottom

MEMBER  ROSEN: It has functions,
significant functions?

MR. SHI RALKAR: Yes. GCkay, the nessageis
the margins are large --

MEMBER ROSEN: Nowlargeisit, the bottom
drain line?

MR, SH RALKAR: |'m sorry?

MEMBER ROSEN: How | arge is the bottom
drain line?

MR. SHI RALKAR: Atam can you respond to
t hat ?

MR. RAO It's a 2-inch nozzle. There are
four of them four 2-inch nozzles at the bottom

MR. SHI RALKAR: Ckay, the limting LOCA,
there are nore than two neters of nmargin, core
uncovery and the containment has close to one bar
margin to the design pressure.

VI CE- CHAl RVAN WALLI' S: It' s one bar in how

many bars?
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MR. SHI RALKAR: Four .

VI CE- CHAI RVAN WALLI S: One bar in four
bar s?

MR. SH RALKAR: Right. 1In conclusion, we
feel that we ran a conprehensive test program that
provi des data for all the phenonena of interest. W
have |large margins in the ESBWR and that the TRAC G
cal cul ati on report the phenonena accurately. The m x
in phenonmena are an exception. They're treated
conservatively.

So i n concl usion the TRAC-Gis applicable
for ESBWR LOCA anal ysis and shoul d be approved for
design certification analysis in conjunction with a
def i ned application net hodol ogy which the staff w |
talk about inalittle nore detail. The application
nmet hodol ogy prescri bes how nmargins are to be i ncl uded
in the cal cul ations.

That's all .

VI CE- CHAI RVAN WALLI S: Thank you very
nmuch. There were very few questions during your
presentation. 1'd say that's either because you did
a very good job of explaining or you did such a poor
job that nobody understood anything.

(Laughter.)

| think that the alternative is the first
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one. Thank you.

MR. SHI RALKAR:  Thank you.

VI CE- CHAI RVAN  WALLI S: That was very
hel pful . Thank you.

Now is the staff ready? The staff wll
take us through the third and fourth quarter here.

Thi s ot her handout that we have is just
i nformative about this design of the chimey. | don't
t hink we need a presentation on that.

You fol ks have nore slides than GE?

M5. CUBBAGE: A few nore.

VI CE- CHAIl RMAN WALLI S: Pl ease go ahead.

M5. CUBBAGE: M nane i s Amy Cubbage. |'m
the project manager for the ESBWR pre-application
review. CE has requested approval of the TRAC G code
for ESBWR LOCA anal yses. The scope of the staff's
revi ew i ncl uded application of TRAC- Gfor ESBWR LOCA,
qual i fication of TRAC-G for ESBWR and al so the PIRT
testing and scaling in support of qualification.

VI CE- CHAI RVAN WALLI S: What do you nean by
-- the second one seens to be a nore general one?
That's the question | had earlier on with Atams
presentation.

Are you approvi ng TRAC-Gonly for LOCAs or

for ESBWRW t hout qualification which seens -- w thout
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some -- qualification is used as the term here, but
that second bullet which seemed to be a bl anket
approval and the first one is only for LOCAs.

M5. CUBBAGE: That's right. That should
have al so been for LOCA. | just --

VI CE- CHAl RVAN WALLI S:  Onh, okay. Thank
you. So it is only for LOCA we're tal king about.

MEMBER KRESS: The third bullet, you just
reviewed the PIRT that was done by GE?

M5. CUBBAGE: That's right.

MEMBER KRESS: You didn't do a PIRT
your sel f?

M5. CUBBAGE: That's right. This is a
list of the specific submttals that GE made and were
reviewed by the staff. Copies of these reports were
provided to the conmttee | ast year.

VI CE- CHAl RMAN VWALLI S: We take that as
read, | think.

M5. CUBBAGE: Pardon ne, sir?

VI CE- CHAIl RVAN WALLIS: W'l | take that as
read and nove on or do you want to take details?

M5. CUBBAGE: No, the only thing | wanted
to point out is that we issued a |arge nunber of
requests for additional information and CGE was

responsive to all of those requests.
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VI CE- CHAl RVAN WALLI S:  Thank you.

M5. CUBBACE: This is the schedul e for the
current review activities. | just want to point out
that we planned to issue the final SER next nmonth on
TRAC- G for LOCA and cont ai nnent .

This slide shows the submttal schedule
for additional ESBWR submittals fromCE and t he dates
here | ook different from what CGE presented because
t hese are the subm ttal dates and not conpl eti on dates
and we have not devel oped a schedul e for conpleting
t hese activities.

Qur conclusion is that TRAC- G incl udi ng
the application nethodology is an acceptable
eval uati on nodel for ESBWR LOCA anal yses and TRAC-Gi s
acceptable for reference --

VI CE- CHAl RVAN WALLIS: Let me go back to
that |ast slide so we can get something clear here.

M5. CUBBAGE: Ckay.

VI CE- CHAI RVAN WALLI'S: | expect that the
reasons these are sonewhat vague is that the staff
intends to do what it takes to do a t horough revi ew of
t hese various submttals. It's not goingto be driven
by sone deadl i ne.

M5. CUBBAGE: That's right.

VI CE- CHAl RVAN WALLI S: You've got todoit
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by a certain date. That's the reason that these are
vague?

M5. CUBBAGE: Well, these are vague --
these are subnmittal dates.

VI CE- CHAl RVAN WALLI'S: No, but it seens to
me that's appropriate. | nmean if you had sone
deadl i ne where you have to do the reviewby a certain
date, that would seemto be inappropriate. You do
whatever it takes to get it done.

M5. CUBBAGE: That's right.

VI CE- CHAl RMAN WALLI S:  Okay, thank you.

M5. CUBBAGE: That's right. So continuing
with the conclusion, we've concluded that TRAC-G is
acceptable for reference during the design
certification review of the ESBWR and that approva
woul d be subject to conditions that will be specified
in the safety eval uation.

Ral ph Landry i s going to wal k through the
basis for the staff's concl usion.

VI CE- CHAI RVAN WALLI' S:  You nay have to run
with the nunber of slides he's got.

MR. LANDRY: My name is Ral ph Landry from
the NRR staff and | amgoing to try to get through a
ot of this fast.

V5. CUBBAGE: s it on?
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MR. LANDRY: GCkay. I'mgoing to try to

get through sone of these pretty quickly. | have a
ot of word slides that | want to just touch on and
then get to the slides that show additional results.

Bharat showed soneresultsand!l'dliketo
touch on sonme other results so that when you see the
pi cture of what he showed and what we showed, you get
a little bit bigger picture of what we did in the
revi ew.

Ckay, how do we find the <code is
acceptable? Well, there's alot of parts that gointo
determ ning the acceptability of a code. W have to
start with understandi ng what the bases are for the
revi ew and for the acceptance of the code. W have to
|l ook at in this case arealistic code so that we have
t o understand how t he phenonena have been identified
and ranked properly. W have to |ook at the test
programwhich I' Il get back to you in a m nute because
of regul atory bases that direct us to a testing. W
have to | ook at the scaling, has the facility and the
t est programbeen scal ed properly. W want to | ook at
t he TRAC- G code and the docunentation. This is the
specific nodels within the code and are those nodel s
sufficiently accurate or is the uncertainty in the

nodel s sufficiently understood that the uncertainty
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can be generated and carried through into the final
anal ysi s?

And in the case that we're going to talk
about today, the staff has done consi der abl e nunber of
confirmatory cal cul ati ons. We |license onthe basis of
the material that is subnmtted to us. However, big
caveat. Wen we revi ew codes today, we want the code
and we | ook at the code, run the code and run our own
codes. This gives us a basis and a warner feeling for
t he capability of a code, but we can | ook at the code
capability. We can take the code apart oursel ves and
t hen we conpare the code to our own code cal cul ati on
or capabilities.

MEMBER KRESS: Ral ph, let me ask you a
guestion. You outlined what | would call criteria
acceptance code. Are those witten down anywhere in
guidelines or in a reviewplan or sonething? Do they
now exi st in your head?

MR. LANDRY: Well, alot of it's in the
head. But |I'mgoing to get through sone of those.

When | gointothe regul atory bases, those
will define very high | evel what goes into a review
and acceptability, but then there are other materials
t hat are not regul atory, but are the basis on which we

do our reviews that are defined and are in greater
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detail. So l'mgoing to try to get through alittle
bit of that this norning.

VI CE- CHAl RVAN WALLI S: And | et ne say t hat
there is sonewhere in the works and it's been in the
works for six years. I"m not sure if it's ever
ener ged, regul atory gui de on what codes have to do and
so on?

MR. LANDRY: There's a draft regul atory
gui de --

VI CE- CHAI RVAN WALLI S: There's been draft
for so long, it may just bl ow away.

MR. LANDRY: Reg. CGuide 1120, | believe
the nunber is, is about what is an acceptable
val uation --

VI CE- CHAI RVAN WALLIS: It addresses sone
t hese questions that this Conmttee has been asking
for some tine. |If it isn't out there in the world,

it's a real crying shane that it hasn't been issued

properly.

MR LANDRY: It's still in the works.

VI CE- CHAI RVAN WALLI S:  That doesn't make
any sense. It's not sonething you did, but | just

think this Agency is delinquent in addressing a very
i mportant issue about what's the quality of these

codes, reducing regul atory gui de whi ch never energes
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from behind a veil.

It has nothing to do with you, but that's

MR. LANDRY: | agree with your frustration
with that that it would be nice to have those
docunents out sooner

VI CE- CHAI RVAN  WALLI S: It's not ny
frustration. It's not ny frustration. | think it's
just my judgnent on the state of affairs.

MR. LANDRY: Thank you, G aham

MR. SHACK: Wien you say you get a hol d of
t he code, do you actually get the source code so t hat
you can see that the nodel that's inplenented in the
code actually is the nodel that's described in the
docunent ati on?

MR. LANDRY: Exactly, so they, the manner
in which we review a code is -- we insist that the
code nust be submitted. That means the source code
nmust be subm tted and executable so that we have it,
t he executabl e that the applicant is using. W have
the source code because we've gone into the source
code in a nunmber of cases and nade changes. Wen we
wanted to study a sensitivity, we've gone into the
source code, nmade a change, rebuilt the code,

reconpi l ed and then rerun oursel ves.
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But of course, that is a code that we have
altered, sowe can't hold the vendor, the applicant to
this is what their code does because it's not a code
that is in configuration control any | onger, but yes,
we do get the source code because we do want to have
the ability to nake changes beyond the changes that
you can make through input data.

VI CE- CHAI RVAN WALLI'S: | point out that
you don't always get the source code from the
appl i cant.

MR, LANDRY: We are now.

VI CE- CHAl RVAN WALLI S:  You are now?

MR. LANDRY: O the vendor-owned codes.

VI CE- CHAl RVAN WALLIS: It makes it very
much easier for the ACRS to approve sonething if we
know t hat you have seen t he source code and have been
able to check it.

MR. LANDRY: We have.

VI CE- CHAIl RVAN WALLI S:  Thank you.

MR.  LANDRY: That | have to be very
careful about, Professor G aham Wen | say the
vendor's code. Vendors al so use commerci al codes for
certain things such as physics and those codes we
don't get the source code on because that's a

commerci al ly owned product. So |'mjust tal ki ng about
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the thermal hydraulic codes right now

kay, how do we approach the review and
where's the material witten dowmn? Well, this code
because we submtted it as arealistic nodel was based
on the CSAU outline. The CSAU outline is a 14-step
process which defines what goes into an acceptable
eval uati on nodel. The review which we performed was
conducted by NRR, RES and contractors under both
of fices.

NRR revi ewed t he code nodel s for the LOCA
and contai nment. W perforned independent
cal cul ati ons using the TRAC-G code itself and we did
i ndependent calculations using the trace CONTAIN
I i nked code.

We reviewed the uncertai nty nmet hodol ogy.
The O fice of Research reviewed the test program the
scaling and performed independent containnent
cal cul ations using the contained code. Overal |,
managenent of the review and the SER was handl ed by
NRR.

Sorme of the regulatory bases and | just
want to hit these real fast so | can get into the
figures. |If you look at 10 CFR 50. 46, the regul ation
dealing wi th LOCA eval uati on nodel s, it specifies that

sufficient supporting justification to showthat the
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anal ytical technique realistically describes the
behavi or of the reactor systemduring | oss-of - cool ant
acci dent anal ysis nmust be provided and that there is
a high level and this is where we've had the
di scussion with the thermal hydraulic subcomm ttee,
what constitutes a high level probability that the
criteria would not be exceeded. That is not defined.
This is a high | evel statenent, but we have to then
assune or look at an individual application and
determine is the level of probability that 1is
subm tted acceptabl e.

For t he contai nnent, the regul atory bases
are the general design criteria 16, 38 and 50 and t he
St andard Revi ew Pl an section 6.2.1 and in particul ar,
SRP Section 6.2.1.1.C, | think | have enough ones in
there which defines the requirenents for pressure
suppressi on contai nment systens.

I n addition, because this is a standard
design we al so have to | ook at the requirenents of 10
CFR 52 and in particular .A47. Certification of a
standard design which utilizes sinplified inherent
passive features can be granted only if and then
there's a whole list of requirenents. |In particular,
you have t o denonstrate t he perfornmance t hrough either

anal ysis, appropriate test prograns, experiment or
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combi nati on. The interdependent effects have to be
denonstrat ed t hrough accept abl e anal ysi s, appropriate
test progranms, etcetera. And sufficient data nust be
shown to exi st to assess the anal ytical tools that are
used.

This is what forns t he basis for now goi ng
back and | ooking at the test program that has been
subm tted by General Electric in support of the ESBWR
Is the test program sufficient to provide the data
necessary to assess the analytical tools which are
going to be used in support of the design?

Okay, because it's a realistic analysis
method, |I'mnot going to go through all 14 steps of
t he CSAU net hodol ogy. | just want to hit a coupl e of
t he i nmportant ones.

One inmportant step is that the phenonena
must be identified and ranked. And this is done
through a two-step process. A top-down process by
whi ch you start with the scenario to be anal yzed and
from that point nove to the phenonena which are
i nportant and a second process cal |l ed bottom up where
you | ook at the features of the hardware design and
fromthose features nove t hrough t o what processes are
in inmportant.

This two-step process was perforned by
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General Electric for the ESBWR design and resulted in
two PI RTs, one dealing with the reactor cool ant system
and associ ated hardware itsel f, and the ot her dealing
with the contai nment system

The PIRTs that were reviewed have been
found to be conprehensive and i ncl ude all hi gh ranked
phenonmena expected in a LOCA in the ESBWR

VI CE- CHAI RVAN WALLI S: That neans you guys
coul dn't think of any ot her hi gh-ranked phenonena t hat
could be included? |Is that what that neans?

MR. LANDRY: We | ooked through the PIRTs
and we did not cone up with any phenonena t hat struck
us that were not already accounted for by Ceneral
El ectric and their panel. This is not done by one
person. There's a panel that reviews the PIRT for the
appli cant and then what we're |ooking at is the end
product of the entire process of devel opnent.

The PIRT does not extend to |ong-range
cooling for LOCA/ ECCS and contai nnent and nust do at
t he design certification stage. This is one of those
caveats that we put into the SER that nust be nmet by
the applicant when they cone wth a design
certification. The PIRT is fine as far as it goes,
but it does not cover |ong-term cool ant.

The testing programwas revi ewed and here
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|"ve listed only those tests that are integral tests.
There are a nunber of other -- Dr. Rao showed you at
the first, in his first presentation which include
separate effects and conponent tests. We're only
concerned right now to focus on the integral system
t est. You can see that through the G ST, G RAFFE,
PANDA and PANTHER tests that we have a range of
i ntegral systens.

Dr. Shiral kar showed you hi s fi gure nunber
3 which gave the phases of the LOCA transient for
ESBWR and the test prograns and how those test
prograns cover. If you |look back at that figure
you'll see that for every phase of the LOCA in the
ESBWR, there are at least three facilities providing
data and in sone cases such as in the GDCS phase,
there are as many as five facilities at each point
providing data which can be used to assess the
capabilities of the code or analysis of the event.

Thi s ki nd of coverage of the test program
at various scales indicates to us that they have
provided for all the paranmeters expected in the SBWR
and the ESBWR, that the test programis applicable to
t he ESBWR and that no further testing is indicated for
TRAC-G qualification or LOCA in the ESBWR

VI CE- CHAl RMVAN WALLI S: Hold on a m nute
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nNow.

MR. LANDRY: W did want to point out that
t here was a programcal | ed PANDA- P whi ch was perf or ned
after the closure of the ESBWR in 1996. This is a
program that was a nock-up done by the European
Conmunity at the Paul Scherrer Institute in
Switzerl and, nock-up of the ESBWR. So it's an ESBWR-
speci fic program

But because that program was not done
under the auspices of General Electric, it does not
necessarily nmeet the QA requirenents and therefore
we're saying that if they can show that the code is
qualified wi thout the PANDA-P program then it can be
used for confirmative purposes. But we are now
allowing it to be used for assessment purposes.

And after reviewof the test program the
O fice of Research, and we agree, that yes, the test
program that has been proposed w thout PANDA-P is
sufficient for denonstration of qualification of TRAC
G So that PANDA-P can now be used for confirmatory
pur poses.

MEMBER ROSEN:  Ral ph, ny question has to
dowith this last bullet on the slide that no further
testing is needed. And if you go back one slide,

woul d you go back just one slide? Look at the |ast
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bullet on this slide. It says that the PIRT does not
extend to | ong-term cooling.

Now isn't it possible that when the PIRT
is extended for long-term cooling that new testing
will be provided?

| mean how did these two bullets |ine up?
They seem contradictory.

MR. LANDRY: There is the possibility.
However, when we | ook at | ong-termcool i ng, because of
t he phenonena t hat normal |y occurred during the | ong-
termcool i ng phase, we do not expect to see phenonena
t hat have not al ready been assessed within the code.
This is primarily a single phase process when you get
into long-term cooling. You're not governed by
boiling. You' re not governed by two-phase fl owor the
very severe heat transfer processes. So we do not
anticipate at this point that there woul d be phenonena
identified for the | ong-termcool i ng phase whi ch have
not already been assessed in the prior phases of the
anal ysi s.

MEMBER ROSEN: But go with ne on this one.
What if there were? Then that statenent on your next
chart would not be correct, right?

MR. LANDRY: Well, at this point, thisis

one of those | awyer-type words, no further testingis
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i ndi cat ed. That doesn' t nmean absol utely,
categorically no further testing would ever be
required. But at this point we see no indication of
a need for further testing. |If that indication was
shown to be necessary, then of course, at the design
certification stage we could say it would need nore
t esting.

VEMBER ROSEN: Wiy wasn't the PIRT
conmpl eted? Wiy was this piece |left over?

MR. LANDRY: General Electric would have
to address why they cut the PIRT off when they did,
but from our examnation of the PIRT and our
exam nation of the event, we do not foresee any
phenonena t hat woul d be new - -

MEMBER ROSEN: You're telling nme the
answer to the PIRT, what the PIRT --

MR. LANDRY: Let ne ask Dr. Shiral kar to
respond.

MR. SHI RALKAR: This i s Bharat Shiral kar .
The | ong-term cool i ng phenonmena was consi dered, but
not a detail ed PIRT was devel oped for it. It's sinply
a matter of an inventory balanced inlong termto make
sure that the volunme is such that the liquidis upto
the right |evels.

So it's backed by a few and it wll
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probably depend on the final design, but it's not
sonet hing that involves new phenonena.

MEMBER ROSEN:  You're also telling me the
answer to the PIRT, the long-termcooling. | think I
share your view that | can't think of any phenonena
t hat mi ght be -- that will need to be tested for | ong-
termcooling, but that's the function of the panel,
isn'"t it, to decide that?

So there's a presunpti on ahead of the fact
that it nmay be okay because that may, in fact, turn
out to be the way it is.

MR. LANDRY: But we have left that door
open that they nust conplete the PIRT with the | ong-
termcool i ng phase at design certificationandit wl|l
be revi ewed.

Looking a little bit at the testing
program Bharat has al ready shown alot of theresults
of the testing program |'d just Iike to | ook at one
and | realize this is fuzzy. This is froma cut and
past e t hrough several processes torenove the materi al
that's proprietary.

I f we | ook at the performance of the PCCS
as data were obtained through the PANTHERS/ PCC t est,
we overplotted, would be the error in steam flow

expected for a GOCS |line break and the air and steam
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flow t hrough PCCS for main steamline break. And we
can see all the data -- all the test points, there are
test programs or test groupings. W can see that the
test groupings at the PANTHERS/ PCC facility has
obtained data that really enconpasses all the
antici pated phases of the LOCA at the ESBWR

And as Bharat has pointed out, the PCC
test were at afacility that is nearly full scale, so
these are very large scale tests that pipes are the
sane size dianeter. The headers are the same size.
The I engths are the sanme size. |It's just the nunber
of tubes that are not the sane as for the ESBWR

VI CE- CHAI RVAN WALLI'S:  Coul d you go over
what the vertical axis is here?

MR LANDRY: This is Air Mass Fl ow Rate.

VI CE- CHAl RVAN WALLIS:  Ch, | thought you
sai d sonet hi ng about error.

MR. LANDRY: No, air.

VI CE- CHAI RVAN WALLIS: Air nass.

MR. LANDRY: That's one of those things
that will appear in the transcript as error mass fl ow
rate.

VI CE- CHAIl RVAN WALLIS: Air. It's air.

MR. LANDRY: Air, AIl-R

MEMBER ROSEN: Now | woul d have concl uded
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that these tests don't cover all the data. Look at
all of the points that are not in the shaded vol une.
What does that nean?

MR. LANDRY: These are tests --

VI CE- CHAI RVAN WALLI S: The points are the
tests.

MR. LANDRY: These are test groupings.
These are groups of tests.

MEMBER ROSEN. Ri ght.

MR. LANDRY: And groups of tests that up
here i n the unexpected region, sothat there's alarge
vol ume of data nmaybe not hitting every single point on
each line, but there are a lot of test data in the
regi ons where we expect the PCC to be operat ed.

MEMBER ROSEN:  So you're saying that the
data that's significant is in the shaded area.

MR LANDRY: Right.

MEMBER ROSEN: Al  the other data,
al t hough there were tests done, it doesn't yield data
that's significant to the inportant region.

MR. LANDRY: That's correct, but it does
gi ve you data that you can test and see how your code
does in those regions al so.

VI CE- CHAl RVAN WALLI S:  You're saying the

data has to be -- cover a bigger power than that than
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t he region.

MR. LANDRY: That's correct.

VI CE- CHAl RVAN  WALLI S: | f you're
interested in it, because if the data covered the
smaller part of the map in the region you're
interested in, then you' d have sone concern.

MR. LANDRY: You don't know where your
boundari es are. And you don't know how your
capability is to predict those boundari es.

The scal i ng anal ysi s gave us a great deal
of difficulty. On this, | would like to point out
that this review was done over a fairly short period
of time and the only reason we got through this review
inthat kind of tine frame was because of the | evel of
cooperati on which we received fromGCeneral Electric.
We had for |ong periods, we had weekly phone calls.
We had a great deal of interaction, alot of questions
back and forth and we received extrenely good
cooperation fromGCeneral Electric through this whole
process.

And the scaling in particular, received a
very high |level of scrutiny. The original scaling
report the staff found to be very deficient. GCeneral
El ectric went back and redi d t he scal i ng, using a nuch

nore rigorous scaling anal ysis based on a net hod t hat
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was devel oped by Marino di Marzo fromthe University of
Maryl and and research staff. Devel oped a procedure
for doing a scaling analysis. That procedure was
applied by General Electric in the GDCS initiation
phase. This is the nost critical phase of the LOCA
for the ESBWR

They considered multiple volunmes in that
anal ysi s. The system neaning equations wth
interactions. They |ooked at comparison of results
wi th data and cal cul ati ons i n non-di mensi onal space.
And this should be Pi, not Ps, where the resulting P
are different in form and value from the original
submttal and the trends in the nagnitudes suggest
t hough that the data is relevant and sufficient.

VI CE- CHAI RVAN WALLIS: There's still the
i ssue of not matching all the Pis. You never can
match all the Pis.

MR. LANDRY: No.

VI CE- CHAl RVAN WALLIS: And if a Pi should
be 1 and it turns out to be .6, there's always a
guestion about well is that good enough. So sone sort
of judgnent has to be exercised and the use of this
scal i ng type anal ysis.

MR. LANDRY: That's correct.

VI CE- CHAl RMVAN WALLI S: And sone sort of
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assessment of how wong you m ght be if the Pi is not
quite what you want it to be.

MR. LANDRY: We wanted to point out -- |et
me ask Dr. di Marzo to nake a conmment.

MR di MARZO Marino di Marzo. | can
clarify exactly what Graham you are saying here is
exactly the efficiency that was reveal ed there. There
were, so to speak, distortion, if youwshinthe Pis
and we couldn't figure out what woul d have been the
effect of such distortion anobng the different
facilities and therefore we tried to tell themthat
their link is distortionto the figure of nmerit being
the m ni num vessel inventory before GDCS injection.
That was vi gorously done and basi cal | y we denponstr at ed
essentially that these distortions wereirrelevant in
the range that they were having to the figure of
merit.

VI CE- CHAI RVAN  WALLI S: Ckay, that's
sonmet hing that | don't knowthat we've seenin detail.

MR, di MMARZO. Right, because originally
they started saying one third three type of thing for
all this stuff?

VI CE- CHAl RVAN WALLI' S:  Yes.

MR di MARZO. W said that's too --

VI CE- CHAl RVAN  WALLI S: Too gross a

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

73

criteria.

MR. di MARZO. No, but besides, you can
have a distortion that's off by 10 percent and causes
a disaster. You can have a distortion that's off 200
percent and causes not hi ng.

VI CE- CHAIl RMAN WALLI S: Ri ght.

MR di MMARZO So we had to do that and
they did that.

MR. LANDRY: So the end result was that
from the new scaling analysis which was perforned,
that the trends and nmagni t ude suggests that the data
are relevant and sufficient, the database is
sufficient and rel evant for code assessnment and that
the scaling analysis is rigorous, however, it's
[imted in scope at this point becauseit'slimtedto
just the GDCS initiation phase.

Code docunentation. This has been a sore
poi nt for at |east 20 years now and continues to be a
sore point. Ceneral Electric has provided a very,
very |l arge quantity of docunmentation for this review
but that documentation conmes from the ESBWR design
review that was termnated in 1996 as well as the
ESBWR speci fi ¢ docunent ati on provided for this part of
t he review

The review of the code docunentation
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di scl osed nunerous errors, om ssions which Cenera
El ectric has commtted to address in a revi sed TRAC- G
nodel description topical report. And that revised
docunentation nust be submtted within 90 days of
i ssuance of the TRAC-G SER

|"dliketo address just one aspect of the
ECCS nodel s at this point.

MEMBER ROSEN: You're requiring the
revi sed docunentation after you get the SER?

MR. LANDRY: That's correct.

MEMBER ROSEN: A priori, | would have said
bef or e.

MR. LANDRY: No because --

MEMBER ROSEN. Normally --

MR. LANDRY: There are things in the SER
that they have to see.

MEMBER ROSEN:  Par don ne?

MR. LANDRY: There are things in the SER
t hat they have to see, also in the process of revising
t heir docunentation. And they can't see the SERunti |
we're ready to release it.

M5. CUBBAGE: We reviewed the information
they submitted in response to RElIs and they have to
i ncorporate that information in the approved version

of the topical reports which is typically done after
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we approve the SE

MR.  LANDRY: Dr. Shiral kar addressed a
coupl e of the particul ar nodel s such as critical flow.
I"d like to look at now the Ievel tracking nodel
When we | ooked at the nodels in the code, a nunber of
t hose nodel s we found code conparisons with data that
we sai d okay, that | ooks good enough and t he questi on
al ways cone up how good is good enough?

Wien we | ooked at things |ike CCFL, we
said that the average deviation was |ess than the
nmeasurenent error. The same for the two phase | eve
swell. The data were within and were consistent with
the errors in neasurenents and you can't expect a code
to be any better than your error in neasurenent. Some
others, the critical flow nodel bounded the nmeasured
-- predicted -- bounded the neasured data. We | ooked
at the error rate in interfacial sheer and wal
friction and found that those error rates were all at
an acceptable | evel, acceptably I ow

W | ooked at anot her axes-stripped plot to
be nonproprietary. This is from one of the PSTF
tests. W | ooked at the | evel versus tine and you can
see that the TRAC-G plot with the data. Again, the
TRAC- G prediction is pretty well picking up what the

data showed to be happening in this test.
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Anot her --

MEMBER PONERS: | understand there are two
ways to |l ook at that plot. One is hey, it's pretty
good. And one is, hey, it's horrible. The peak is
wrong, the slope is wong, the breadth of the peak is
wr ong.

MR. LANDRY: The peak, when it's going up
is going up and when it's comng, it's com ng down.
It's not terribly far off and when we | ook at -- that
was only one test. \Wen we |ooked at sone of the
ot her tests.

MEMBER PONERS: What |'mtrying to ask is
how do | know that's pretty good?

MR. LANDRY: You can't do it just on one
test. You have to | ook at a nunber of tests. [If you
| ook at a number of tests, then you say is overall the
code doing a good job. Here, the codeis comngupto
the -- pretty close to the same | evel swell val ue as
a peak. Wen it drops down it's com ng down pretty
close to the sane | ower |evel

MEMBER POVERS: It's simlar to the
magni t udes.

MR. LANDRY: The magnitudes are simlar.

VMEMBER POVWERS: The fact that that

observed peak is broad is not nearly so inportant as
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you' ve got the height correct.

MR. LANDRY: Got the height correct and
you're com ng up when you're com ng up, here you're
| evel ed of f, but when you're goi ng down, when you're
goi ng down, you're not going up when the data are
goi ng down and vi ce versa.

VI CE- CHAl RVAN WALLIS: | think what you
really want to say eventually in this kind of a
conparison is that the wuncertainties which are
di spl ayed here, the difference between the data and
the predictions of uncertainty and how well you can
predict are properly -- feed into sonme anal ysis of
uncertainty and that they are within the range which
i s acceptabl e for sone ultimate uncertainty and figure
of merit such as a level in the chimey or sonet hing.
That's what we'd li ke to see, | think, is sone sort of
guantitative nmeasure of uncertainty that's conpared
with this uncertainty we see here and it feeds right
t hrough the whole analysis to the end and then you
know how uncertain you are in sone figure of merit.

| think that's what we'd | i ke to see, not
just a qualitative description that it | ooks okay.

MR. LANDRY: And the greater uncertainty
you have here, the greater that uncertainty --

VI CE- CHAIl RVAN WALLI S:  There mi ght be the
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uncertainty and level of that amount is really
critical in whether or not the core is cool.

MR. LANDRY: That's correct.

VEMBER KRESS: Vell, you know, what I
would like to see when | see a curve like that is an
expl anation of why they differ. |I'msure this has to
do with the level swell nodel, probably. "' m not
sure, but I would guess that and | would |ike to see
sone twitching of the code alittle bit to see certain
parts of it to seeif | can reproduce this curve so

coul d have sone assurance of why that | know why t hey

differ.

MR. SHACK: Well, how about error bars in
t he data?

MEMBER KRESS: Wel |, that woul d be useful,
but you know, this data | probably -- pressure gauges
and so --

MR SHACK: It's very good.

MEMBER KRESS: Yes, that could have sone
pretty good error bars though.

MEMBER ROSEN:  Ral ph, | think you need to
be a little nore careful about what you say is that
the data is going up when it should be -- when the
TRAC-Gsays it's goi ng up and goi ng down -- that's not

true across the whol e spectrum here.
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| can showyou where the sl ope is positive
on the slope for data and negative on the TRAC G at
t he sanme instant.

MR.  LANDRY: I"m just making a genera
statement right now W have to | ook at nore tests
than just this one though. This was a different test.
You can see the data and the code are even | ower over
much nore of the range.

MEMBER KRESS: That's a small break?

MR. LANDRY: | don't know which test this
is. | just randomy pulled several tests just to not
try to bias what | was show ng

Anot her PSTF test t hat was perforned. But
in addition to looking at the tests, sensitivity
studi es were performed on the | evel swell nodel. This
is a sensitivity that was perforned for one of the
tests, 580115, whichever test that was, |ooking at
di fferent nodalization. And you can see that except
for the one case where the four node case, 81529 node
cases, alnost like right on top of each other --

VI CE- CHAI RVAN WALLI S: \Where are the data
her e?

MR. LANDRY: This is just |ooking at the
sensitivity to normalization w thout conparing --

VI CE- CHAl RMAN WALLIS: We can't naeke this

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

80

a judgnment of that going up and com ng down at the
same tine. There's no data here.

MR. LANDRY: Right. This doesn't have the
dat a. This was a plot to look at the effect of
nodal i zat i on.

VI CE- CHAI RVAN  WALLI S: It would be
interesting to see if by inproving the nodalization
you can cone closer to the data or sonething. That
m ght be a useful nessage.

MR. LANDRY: We just wanted to show on
this that when the sensitivity is done to nodalization
that we see that nodalization is very insensitive.

VI CE- CHAl RVAN  WALLI S: Is the trend
nonotoni c? As you have nore nodes you get closer to
the data or do you get further away fromit?

MR. LANDRY: | don't know where the data
lie initially.

VI CE- CHAl RMAN WALLI S: That would be
somet hing to know, too.

MR LANDRY: We don't have a plot where
we're plotting the data.

An addi tional sensitivity was done | ooki ng
at tine step size and here this is part of that sane
test, varying the tinme step over arange of five shows

that al nbst insensitive to tine steps.
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VI CE- CHAl RMAN WALLI'S: We don't know t he

time on the X axis, soit's alittle hard to conpare
this, but if things are only happeni ng over a period
of a mnute, then .05 seconds is not going to --

MEMBER KRESS: Thi s i s probably about a 10
m nut e range, you would say?

MR. LANDRY: | don't knowif | can say.

MEMBER KRESS: The bl ow down phase is |i ke
10 m nut es.

MR.  LANDRY: I'd have to ask Ceneral
El ectric what | can say.

VI CE- CHAIl RMAN WALLI S: The nessage hereis
the staff has itself been running these runs, right?

MR.  LANDRY: These runs were run by
General Electric.

VI CE- CHAI RVAN WALLI S:  Oh, they were run
by General Electric. They weren't run by you. Do you
run tests like this yourself?

MR. LANDRY: W did runs |ooking at the
LOCAs t hensel ves and --

VI CE- CHAIl RVAN WALLI S: But you did this on
asensitivity test yourself, withthat code on certain
things that mattered?

MR. LANDRY: These, we did not do. W did

tests looking at the effect on thermal nargin and
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effects on --

VI CE- CHAl RVAN WALLI S:  That woul d be nore
i mportant evidence than this.

MR. LANDRY: Contai nnment nodels --

VI CE- CHAI RVAN WALLIS: Is it possible for
you to show that evidence at sone tinme?

MR. LANDRY: We don't have that.

VI CE- CHAl RMVAN WALLI S: You don't have
t hat ?

MR. LANDRY: We've done sensitivities, but
not on specific nodels such as |evel swell.

VI CE- CHAl RVAN WALLI S: But you said, no,
you said you did sensitivity studies on the nore
i mportant question of what's the effect on sone safety
paraneters, didn't you?

MR. LANDRY: On thermal nargin.

VI CE- CHAIl RMAN WALLI S:  Ri ght.

MR. LANDRY: We did studies on thermal
margin. We did studies on --

VI CE- CHAl RVAN WALLI S: That seenstoneis
t he nore i nportant nessage. There's a nore inportant
nmessage there than what we just saw. | just wondered
if you wanted to show that after |unch or sonething.
At sone date, give it to us or sonmething. That's a

nore i nportant -- just maybe we don't need it now, but
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t hat woul d be a nore inportant piece of evidence for

the Commttee, | think. Maybe at the design
certification stage, we'll look for that kind of
t hi ng.

MR. LANDRY: That's workabl e. PCCS
performance. | don't want to say too nuch on this
because Bharat already went into a great deal on the
PCCS performance and conpari sons.

Just we'd like to point out that the tests
that were performed indicate that there's full
condensation of a steam

VI CE- CHAI RVAN WALLI S: Ful | condensati on?
What's that mean?

MR. LANDRY: It's super heated steam
There's no --

VI CE- CHAIl RVAN WALLI S:  You never condense
all of the steamif you' ve got non-condensabl es.

MR. LANDRY: But you can have a hum d non-
condensabl e com ng out.

VI CE- CHAl RVAN WALLI' S:  Yes.

MR.  LANDRY: But you don't have super
heated steamin it.

VI CE- CHAl RVAN WALLI S: Yes, but full
condensat i on.

MR. LANDRY: By full condensation, we nean
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super heated steam

VI CE- CHAl RMANWALLI'S: It's liketheissue
we had in the subcommttee about 100 percent
condensati on. It's not a mneaningful expression.
We've berated you for that or CGE for that and now
you're saying full condensation. That's the sane
t hi ng.

MR. LANDRY: But we're trying to put a
caveat on it and say that we're tal king about super
heated steam You no | onger have super heated steam
com ng out.

VI CE- CHAl RMVAN  WALLI S: It's quite a
di fferent statenent.

MR STAUDENVAI ER: Thi s is Joe
St audenmai er, Ofice of Research. There isn't full
condensation of the steam They do have neasurenents
of how rmuch steam goes through and goes into the
suppressi on pool at the conditions.

VI CE- CHAl RVAN WALLI S:  So avoi d t hese sort
of statenents. O maybe you put that in just to get
us irritated.

MR. LANDRY: | wanted to see if you were
reading it.

(Laughter.)

| wanted to see if you catch that subtle
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change in words.

W | ooked at TRAC- G ver sus PANTHERS t est
results and | think this is a different test than
Bharat showed. This was fromtest 15, | ooking at the
efficiency. You can see that the efficiency of TRAC G
prediction versus PANTHERS was very good.

VI CE- CHAl RMAN WALLI S:  Now we can assune,
| think, that the efficiency scale is not fromO to
.1, so that the efficiency of these things is
terrible?

What ever the scal e may be, it's showi ng up
good efficiency?

MR, LANDRY: Yes.

VI CE- CHAl RVANWALLI S: It's sonethinglike
90 percent or something here?

MR. LANDRY: It's very good efficiency.
We | ooked at the delta P conparison, TRAC-G and the
test data were very close.

VI CE- CHAl RMAN WALLIS: This is where | go
to ny coll eague, Dr. Powers' question. Yes, it |ooks
fairly good, but isthis difference in delta Pyou're
showi ng here inportant? If there's nore pressure drop
in PANTHERS in TRAC-G does that have sonme adverse
effect on the ability of the systemto survive?

| think Bharat would say well, it's such
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a small difference conpared with the overall pressure
we're interested in or sonething, but it doesn't
matter. You' ve got to make that conparison

Just | ooking at the figure doesn't tel
you whet her being off by a factor of al nbst 2 at delta
P hal fway along there matters or not.

Do you have some assurance that this
devi ati on doesn't matter?

MR.  LANDRY: W | ooked at the overall
cont ai nment performance, overall cal cul ati ons are very
conservative, so our conclusion is that this does not
matter.

Bharat, would you like to add somnet hi ng?

MR.  SHI RALKAR: Yes. This is Bharat
Shiral kar. The only inportant criteria here is the
di fference in subnergence between the main vent and
the PCC vent. That pressure difference is of the
order of about 8 kPa or so. So as long as a very
small fraction of that, it really doesn't matter
You' re not in any danger of uncovering the main vent.

That's the criteria that we used.

VI CE- CHAl RVAN WALLIS: So you're saying
this small difference is small conmpared with sone
driving pressure or sonething?

MR.  SHI RALKAR: That's right. The
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pressure that would cause the main vent to uncover

MR LANDRY: The uncertainty determ nation
val ve, we presented this to the Thermal Hydraulic
Subcommttee. We'd like to point it out again here
that previous submittals of TRAC-G which we've
reviewed for application of the operating fleet AOCs
included an wuncertainty analysis that was very
ri gorous and very sound. This is an anal ysis that was
termed a normal distribution one-sided upper tol erance
[imt statistical nethod. It's an extension of order
statistics. It's extending the order statistics
assunptions to the point of saying that the output
variable or metric has to be shown to be nornmal.

We found that that methodol ogy was very
good. When we reviewed the LOCA submittal for ESBWR,
however, what we saw was a statistical methodol ogy
that wasn't a statistical nmethodol ogy. Wat General
El ectric has done is taken all of the paraneters that
are being cal cul ated, borrow the LOCA, place them at
their two sigma, should be limts, to define the
limting case, rather than running a set of cases as
you would do with order statistics or the nornal
di stribution approach. They were only running one
case because they're setting all of the parameters at

their two sigma limts. And by doing so, they're not
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using a variation of paraneters. So it's not a
rigorous statistical methodol ogy. It does, however,
come down to the end of saying that the success of the
calculation with the paraneters set at their two sigm
l[imt is determ ned by the mninmumstatic head in the
chi mey.

Whien we | ooked at the anal yses that were
done and we'll have a plot later that shows the peak
cl adding tenperature, if we get to it, predicted by
the codes, we can see that the peak cladding
temperature that is predicted is the operating
tenperature of the fuel. The core never uncovers.
The core stays covered by a consi derabl e amount. The
I evel in chimey indicates a considerabl e coverage so
t here's never any core heat up, so the criterion that
are listed in 5046, as you have to have a PCT under a
certainanpunt and linmts on cl ad oxi dati on, etcetera,
really are | hate to say nmeani ngl ess, but they really
don't have nmuch use in this design because you don't"’
ever heat up the core beyond the normal operating
t emper at ure.

VI CE- CHAl RVAN WALLI S: Let ne just ask you
about this limting case. | think what you nean is
that you take all these paraneters to the two sigm

val ue. It's not really a limt because there is
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sonet hi ng beyond that and you use these two sigm
l[imts to find out what's the worse thing or what's
t he extreme you could get if you went to all of these
two sigma val ues.

MR. LANDRY: That's correct.

VI CE- CHAl RVAN WALLIS: That's not really
alimting caseinthe sensethat it couldn't be worse
t han t hat, because there's always a bit beyond t he two
sigma which would et you go further.

So it's not limting in the sense --

MR. LANDRY: This was not taken to the
poi nt of what do we have -- what conditions do we have
to have to --

VI CE- CHAI RVAN WALLI S:  But you see what |
mean. Tousethewordlimtingisalittle m sleading
her e.

MEMBER KRESS: | woul d have thought you
woul d have shifted your criteriafromthe 9595 on peak
clad tenperature and called it 9595 on uncovering the
core. You know you're there if you do that and you
have to have sone sort of rel ati onshi p between the two

si gna

VI CE- CHAl RVAN WALLIS:  And 95 --

MEMBER KRESS: 9595. | don't know how you
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get that wi thout a proper uncertainty analysis. I
don't see any rigorous way to take two sigma
paraneters and assure myself |'ve got a certain |evel
of confi dence.

MEMBER PONERS: It seenms to me that you
have no idea where you are. You're in outer space
somepl ace.

MEMBER KRESS: That's exactly right.

MEMBER PONERS: | nean if | have a sinple
process with two uncertain paranmeters once of which
exacer bates t he situati on and one of whi ch anel i orates
the situation and take it to two sigma, |'d probably
end up about average.

It seens to nme you want to do a Monte
Carl o or sonething on this and | ook at what your 95
percentile really |l ooks Iike rather than arbitrarily
taking things out to two sigma. | have no i dea what

you're getting at.

MEMBER KRESS: That would be ny -- | don't
know what it neans. | don't know what the nargins
are.

MEMBER POVERS: It certainly doesn't

provi de you any confort.
MEMBER KRESS: Right.

MR.  LANDRY: This very well may be a
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qguestion that can be asked at the design certification
stage, but --

MEMBER POVNERS: It wll be.

MR. LANDRY: This is a question for the
design certification stage, denonstrate the limt on
the chimey |evel because at this point we have to
cone back to the focus of the review The focus of
the review is the capability of a conputer code to
anal yze the LOCA.

Now - -

MEMBER PONERS: But see, our difficultyis

MR. LANDRY: You get to the point of what
is the actual limt of the level in the chimey.
That's really not a code issue at this point. That's
an i ssue once you have the actual hardware design.

MEMBER POVERS: But Ral ph, you see the
difficulty I"mhaving here is you take everything up
to this two sigma, because you have aneliorating
things and exasperating things, you may not have
exerci sed the code in any extrene. You nay be sitting
just where you were if you took them all to nean
val ue.

VI CE- CHAl RVAN WALLI S: It's how they

combine. But | think what | understand they did is
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t hey took the val ue, estimte value of these various
paraneters and they took plus two signa and t he m nus
two sigma. So they've got three things and then they
t ake the whol e spectrumof answers they get fromall

these three different inputs, whereas in the
paraneter, nonparaneter statistics, you take a
di stribution, use Monte Carlo sanple. Here, they're
sort of sanpling between these three things and not

t he whol e continue of the distribution.

MR. LANDRY: That's correct.

VI CE- CHAIl RVAN WALLI S: And again, there's
a question of how does the plus sigma and one thing
combine with mnus sigm and the other to make it
better or worse. | think that's a key question that
they really didn't answer very well in the suppl enent.

MR. LANDRY: That's correct. And that's
t he kind of question that we will probably be asking
when we get to the design certification stage to go
back and do a paranetric study.

VI CE- CHAI RVAN WALLI'S:  And | woul d guess
that the staff would al so do this sort of statistical
or sensitivity study.

MR. LANDRY: We'll | ook at nore studies --

VI CE- CHAI RVAN WALLIS: But not quite in

such a rigorous conplete way, but just to nake sure
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t hat things were being reasonabl e.

MR. LANDRY: | think an inmportant part of
that is that by specifying a sigma and a nmean, you
really can't do t he nonparanetric anal yses because you
don't know what the distribution is.

VI CE- CHAl RVAN WALLI S: It's an
approximation. If it were normal, you m ght have a
better understandi ng of what you were doing.

MR. LANDRY: Right. It doesn't have to be
normal. All you have to understand to do a paranetric
or a nonparanetric statistical analysis is the
probability distribution function of each of your
paraneters.

VI CE- CHAl RVAN WALLI S: | think the probl em
is that if you have say an estimate that sonething is
a hundred and your two sigma gives you 80 to 120, it
m ght be that 110 is the worse case. There are al
ki nds of things you can argue about.

MR.  LANDRY: That's why you do a
paranetric study.

VI CE- CHAI RVAN WALLI S: O you do the
random t hi ng over the whole distribution.

VR. LANDRY: Continuing wth the
uncertainty analysis, the contai nment response was

eval uated as a bounding condition. The staff has
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rai sed questi ons about the realistic plant eval uation
that is performed in this manner and we wi || probably
have nore questions when we do the design
certification about perform ng paranmetric studies to
properly evaluate the operation of the plant itself.

The staff finds the GCeneral Electric
nmet hod acceptable due to the predicted | ack of core
uncovery. However, should at the design certification
stage it be found that the ESBWR core does uncover or
heat up, then a proper statistical analysis wll
definitely be required.

Sonme of the i ndependent cal cul ations, I'm
trying to race now to get into the --

VI CE- CHAl RVAN  WALLI S: You've got 10
mnutes to finish up here. | think you can do it.

MR, LANDRY: W' ve | ooked at a |ot of
cases, a total of 28 cases broken down into 10 areas.
|'"d like to focus today on just the main steamline
break and GDCS | i ne break cases that we ran because we
ran these cases ourselves with TRAC-G and with the
trace contained |ink code.

VI CE- CHAI RVAN WALLI S: The nmessage herei s
t hat when you are doing the top things and only TRAC

G you're conparing it with data and when you don't

have data you're conparing TRAC-G with trace or
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contain or whatever.

MR, LANDRY: Such as the gravity
preservation. \Wen we did that, we were conparing
TRAC-G with the hand cal cul ati ons.

VI CE- CHAIl RVAN WALLI S:  Ckay.

MR. LANDRY: Wth the hand cal cul ati ons.
We distributed to the Conmttee what we performed in
t hat cal cul ati on.

If we | ook at the GDCS LOCA, the break
mass fl owrate | ooki ng at trace and contain, or trace,
contain and TRAC-G one of the questions that we
brought -- that canme up during the di scussionwth the
applicant and with the Thermal Hydraulic Subconmittee
was the TRAC-G blip in break flow

General Electric has gone back and
exam ned that further and they found t hat the problem
there was the way they were nodalizing the GDCS |ine
com ng of f. They were usi ng one node. They went back
and i ncreased that to four nodes and this just blipped
one away and they're now getting the sane response
that TRAC-Gis getting or trace -- TRAC-Gis getting
t he same response as trace.

VI CE- CHAl RVAN WALLI S:  Now t he begi nni ng
of this trial, the conparison isn't very good. I

guess you' d argue that that it's sort of anintegrated
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flow that you care about. You're depressurizing the
system and so it's good enough. But in terms of
saying that both codes sort of agree, that's not a
very good agreenent in the first --

MR. LANDRY: They don't overlay, but we do
see that both are ramping up simlarly and dropping,
but the timng is off. This is another of those
points that we're going to have to | ook at further.

VI CE- CHAI RVAN WALLIS: And the flowrate
differs at the beginning significantly, so there's
sonmething different about a critical flow nodel or
somet hi ng?

We can go on forever here, but | guess it
goes back to all of these questions we had earlier.
When is the deviation significant and when isn't it?

MR. LU This is Shanlai Lu from Reactor
Systens. And the cal cul ation perfornmed by trace and
contain for theinitial probably 200 seconds, andit's
very significantly determ ned by the initial steady
state and right now, we are in the process to rerun
the initial steady state, trying to identify what
you're going to need, issuesrelatedto that. Because
we do have a much qui cker DPV openi ng, early openi ng.

VI CE- CHAl RMAN WALLI S: Thi s i s an on-goi ng

process?
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MR LU Yes.

MR. LANDRY: If we | ook at the downcomer
col l apsed level, this is the top of the active core.
| f you | ook at the downconer |evel predicted by both
trace and TRAC-G you see very simlar results.

Looki ng at the chimey coll apsed water
| evel --

VI CE- CHAl RMVAN  WALLI S: This is the
i nportant neasure, probably of safety, isn't it?

MR. LANDRY: For the LOCA at this point,
the chimey level is the neasure of safety. W see
bot h codes predicting the chimey | evels so you comne
down to the mnimumpretty close to the same point at
t he sane tine.

VI CE- CHAl RVAN VALLI'S: It | ooks asif they
get some event wong at about -- as they're com ng
down, but otherwi se it | ooks reasonably good. There's
cliffs, it goes throughtwo cliffs there. It |ooks as
if sone event occurs --

MR. LANDRY: They both do, but at
different tines. There nust again, going back to ny
col |l eague, Dr. Kress' point, you understand what's
going on and why there's a cliff.

MR. LU It drops sinply because of the

DPV open --
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VI CE- CHAl RMAN WALLI'S: It's the event that

occurs?

MR LU Yes, that's the event that
occurs.

VI CE- CHAl RVAN  WALLI S: If there were
not hi ng to cause that, you' d be suspicious. Wth just
a code doing it erratically that would not be a good
signal at all

MR LU You're right.

MR. LANDRY: Looking at the mass flowrate
t hrough the break, this is for the main steamline
break. W again see TRACE, a high flow, higher flow
than TRAC-G but the two cone down and stay together
for alnost the whole tine.

Looking at the GDCS injection nass flow
rate for the main steamline break, then the two codes
are fairly close, conme up at the sane tinmne. TRAC G
showing just a little bit nore flow as the peak.

The peak <cladding tenperature is a
problem This is the trace prediction of PCT.

VI CE- CHAl RVAN WALLI'S: It never goes up

MR. LANDRY: You see the PCT? Well, right
at the break tinme junps just a little bit and then
i medi ately cones right back down, levels off very

quickly. So there's no excursion --
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VI CE- CHAI RVAN WALLI S: Goes up in the

begi nni ng because you' ve still got the heat supply and
you' ve done sonething that tweaks the heat cl ose.

MR. LANDRY: You have that slight delay
with the reactor scramhitting it.

This is a conparison of two trace runs,
the trace run for the main steamline break and for
the GDCS | i ne break to showthat yes, indeed, the GDCS
i ne break does cone up with a m nimumwater |evel in
t he chi mey, but keep in m nd that what woul d normal |y
be zero is two neters.

VI CE- CHAIl RVAN WALLI S: Somet hing very
weird that happens with that jiggle at 600 seconds.
The wat er | eaps up and | eaps down. That's not goi ng
to happen, is it?

MR. LANDRY: Shanlai is |ooking at that.

MR. LU. Yes, we are | ooking at that right
NOw.

VI CE- CHAl RVAN WALLI' S: | shoul d hope so.
You' ve suddenly created a neasure of water from no
wher e.

MR LANDRY: It's an instantaneous blinp.

VI CE- CHAl RVAN WALLI' S:  Yes.

MR, LANDRY: So out of the staff's

i ndependent cal cul ati ons we' ve run 28 cases | ooki ng at
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t he LOCAs, mai n steamline break, GDCS|ine break plus

those initial cases that we had |isted.

The anal ysis resul ts indicate that TRAC G
i s capabl e of analyzing the limting LOCA response of
t he reactor cool ant system and the contai nnent peak
pressure and tenperature.

VI CE- CHAl RVAN WALLIS: And that's the --
this decisionis made based on your judgnent, | ooking
at all these curves and all this evidence, there was
a judgnment made that TRAC-G is capable.

MR. LANDRY: This judgnment is made on the
basis of slide 2, the agenda.

VI CE- CHAI RVAN WALLIS:  All the slides.

MR. LANDRY: All those itens --

VI CE- CHAI RVAN WALLI S: You asked these
guestions. You |l ooked at the evidence and you say in
ny judgnment this evidence satisfies that need.

MR. LANDRY: That's correct. Wen we put
all these pieces together, the testing program the
scaling, the cal cul ati ons which have been supplied,
t he cal cul ati ons which we've done, we've cone to the
concl usion --

VI CE- CHAl RMVANVWALLI'S: Well, you're a w se
and experienced regulator and | think that the

Committee may wel | bel i eve you, your judgment of these
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events, these things is right. | think one concern
anmong many we mght have if you retire, soneone el se
is going to |l ook at these curves and w ggl es and may
not have the understanding of how to interpret them
and may not nake a wi se decision which is | think why
we're trying to drive the staff in the direction of
bei ng nore specific about the criteria area and how
t hey' re eval uat ed.

MEMBER POVERS: | thought we were going to
require that he just not retire.

VI CE- CHAl RVANWALLI S: We can al sorequire
that he not retire, but alsoif he doesn't retire, it
will be like ACRS nenbers and his judgnment may
steadily deteriorate as he gets ol der.

(Laughter.)

MEMBER KRESS: O he may die.

MEMBER PONERS: It's not allowed, Tom

VR.  LANDRY: Is this getting into the
story of Henry VIII and tal ki ng about the cow?

VI CE- CHAI RVAN WALLIS: No, his wives are
t he ones --

MR.  LANDRY: Have you heard the story
about Henry VIII --

VI CE- CHAl RVAN WALLI S: Be careful, be

careful.
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MR. LANDRY: Supposedly a person cane in
and said Henry VI1I was goi ng to hang t he guy t he next
day and the guy said well, look, if you don't hang ne
| can nake this cowlearn to talk. And another person
said to this knave how in the world can you do
sonething as rash as that? You can't make the cow
learn to tal k? He said no, but |I've got a year to do
it. Inayear'stine, | coulddie. In ayear'stine,
the king could die. In a year's tine, the cow could
learn to tal k.

(Laughter.)

You never Kknow.

VI CE- CHAIl RVAN WALLIS: Well, is this your
eval uati on of a code ever taking that formwhen you go
back to the vendor and say code X within a year m ght
be able to predict sonething useful?

(Laughter.)

MR.  LANDRY: No, we're saying at this
poi nt that the TRAC- G code including the application
nmet hodol ogy i s an accept abl e eval uati on nodel for the
ESBWR | oss of cooling acci dent anal yses as presented
in the TRAC G application for ESBWR

MEMBER KRESS: Does that bless the two
sigma --

MEMBER SI EBER:  Yes, it does.
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MR. LANDRY: The staff therefore concl udes

that TRAC-Gis acceptable for referencing during the
design certification, reviewof the ESBWR provi ded t he
conditions specified in a safety eval uation are net.
That is contained in that statenent.

VI CE- CHAl RVAN VALLIS: | wouldn't thinkit
is blessing the two sigma. It's a tool which is used
and you're not accepting the method of cal culating
uncertainties. You' re acceptingthe fact that you can
put in nunbers into this code and you can get nunbers
out of it.

MR. LANDRY: \When we get to the design
certification stage we may very well say now we want
to see --

VI CE- CHAl RVAN WALLI'S:  Accept abl e tool.
You' re saying this hanmer is useful for construction
pur poses. You're not saying that all the details of
howyou hit the nails and all that sort is acceptable.
Is that right?

MR, LANDRY: Correct.

VI CE- CHAl RVAN WALLI S:  Good, that's what
| thought you were --

MR. LANDRY: Basically, the application
net hodol ogy is acceptable. But when we | ook at the

design certification, when we |ook at uncertainty
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anal ysi s that has been provi ded, we may want further
support for that uncertainty analysis.

This concludes the staff's presentati on.

VI CE- CHAI RVAN WALLI'S:  You' ve done very
well. W're on the course. W agreed ahead of tine
t hat everythi ng woul d happen exactly as the schedul e
-- you've done very well.

MR STAUDENVAI ER: Thi s is Joe
St audenmai er, O ficer of Research. There was
di scussi on about | ack of a reg guide for this type of
appl i cati on. There already is a reg guide for
realistic LOCA submttals. | think it's 1.157. |
don't renenber the nunber exactly, but that's been
around for quite a while, like 15 years or so.

VI CE- CHAl RVAN WALLI'S:  And to think that
you rewote or you and sone ot her fol ks worked on an
i mproved reg guide.

MR,  STAUDENVAI ER: It wasn't neant to
super sede 1.157. It was to apply to cal cul ations
ot her than LOCA cal cul ati ons.

VI CE- CHAI RVAN WALLI'S: | see. O her than
LOCA, it didn't include LOCA?

MR.  STAUDENVAI ER: It could be easily
applied to LOCA --

VI CE- CHAI RMAN WALLI S: It also included
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LOCA.

MR. STAUDENMAI ER:  But there already was
a

VI CE- CHAl RVAN WALLI S: Ckay. That one has
not cone out yet, the one that | was conplaining
about ?

VR, STAUDENMAI ER: It's still in draft
form

VI CE- CHAl RVAN WALLI S: | really cannot

under stand t hat.

MR. STAUDENMVAI ER:  Neither can |

VI CE- CHAIl RMAN WALLI S: Thank you very
much. Does the Comm ttee have nore questions for Dr.
Landry?

MEMBER LEI TCH: | have, perhaps, a broader
guestion that relates to the certification of these
designs. | haven't been through this certification
process before, but | guess what concerns ne about
this design is that in a current fleet of BWRs, the
adequate -- |I'mtal king about normal operation now,
not accident conditions. You have adequate fl ow and
you pull the rods and they're critical and start to
steam and so forth.

Do we have a code that takes a | ook at
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this design where all the flow is natural and you
begin to pull the rods, howdo we knowthat there's no
stratification of flow, that there's no |ocalized hot
spots in the fuel? |Is there a code that addresses
that? Is that something that is consideredinalater
phase of the design or is that sonething that we
basically don't consider to be a safety issue and
therefore we don't get into that?

MR. LANDRY: That will come up during the
design certification phase. General Electric wll
have to at that point present their hardware design,
the hard design of a facility, their operating
procedures and so forth and all the support for and
nodes of operation.

At this point, this review was very
focused on just the TRAC-G code, only for LOCA.

MEMBER LEI TCH: | under st and.

MR. LANDRY: So we did not get into that,
but those are the kind of questions that would
normally come up during the design certification
phase.

MEMBER LEI TCH: See, my concern is that
with the current fleet, you' ve got adequate fl ow,
pl enty of flow, but | just wonder how we are going to

gain the assurance that we're not going to have, as |
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say, sone stratification or sone | ocalized heating of
the fuel or some other strange phenonmena going on
there until the natural circulation is established.

Once we get over that hunp and have good,
natural circulation, it's easy fromthere, but how do
we get started, | guess is the question | have.

MR. LANDRY: Inthis part of the phase, we
start nmuch later than that.

MEMBER LEI TCH: Ri ght.

MR, LANDRY: You're operating at full
power .

MEMBER LEI TCH: Ri ght.

MR LANDRY: And now what happens when
everyt hi ng goes w ong.

MEMBER LEI TCH: Yes. So the answer to ny
guestion is good question, but too soon.

(Laughter.)

MR. LANDRY: It's a design certification
i Ssue.

MEMBER LEI TCH: Yes, okay.

MEMBER SI EBER:  Yes, it's 2007.

MEMBER KRESS: Keep that questionin mnd.
We'll ask it again.

MEMBER LEI TCH: | will.

VEMBER RANSOM Ral ph, given this nmeno
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relative to the question | asked about, whether or not
t he hydrostatic pressures were cal cul ated correctly,
dependi ng on where the connecti on was nade on the 3D
vessel, and | guess in ny mind it's still an open
i ssue because it came with a yes, TRAC- G does account
to a certain extent for the changing el evation but it
showed errors from mnus 3.7 percent to 5 percent
dependi ng on where it was connect ed.

Experi ence i n the past had shown t hat even
those errors canresult insignificant recircul ations
under natural circulation conditions. And so | don't
feel like that has been conpletely resolved. Your
hand cal cul ati ons show nowhere nor are the actual
condi tions under which these cal cul ati ons were nmade,
whet her they're single phase or two phased, which
m ght have sone bearing on the significance of that
error.

MR. LANDRY: We're going to continue that
di scussion with General Electricintryingto resolve
what TRAC-Gis going. This is sonmething that we have
to have on-going with them

We were trying to determ ne in doing that
hand cal cul ati on whet her or not the gross error that
TRAC-B had was present in TRAC-G or not.

MEMBER RANSOM  Sure.
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MR. LANDRY: And in so doing, we've

determ ned that no, that gross error is not there,
that they are accounting for elevation relative --
el evation differences relative to the centroid of the
donor cell. But whether there is still an error in
that, yes, there is still an error from our hand
cal cul ati on, but we want to continue that discussion
with them

So we were satisfied that yes, they are,
t hey have gotten rid of the gross error. Nowwe're in
the fine tuning stage.

MEMBER LEI TCH: Ral ph, at the concl usion
of the subconmttee neeting, there were a nunber of
open itens presented. Unfortunately, | don't have
t hat handout material with ne.

MR. LANDRY: That's in your briefing book,
by the way.

MEMBER LEI TCH: Ckay. Have those issues
now been closed or is that subsuned in the statenent
t hat says provided the conditions specified in the
safety evaluation --

MR. LANDRY: That's correct. Provi ded
that all the confirmatory itens and conditions in the
SER are sati sfi ed.

MEMBER LEI TCH: So those six or eight
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t hi ngs that were nmenti oned there are subsunmed i n that
st at enent ?

MR. LANDRY: There are a nunber of itens
t hat nust be taken care of at the design certification
stage. They'rereally designcertificationissues and
that's why we've tried to say the code is acceptable
for reference in the design certification stage
provi ded you do these.

And agai n, General Electric has not seen
the SER at this point.

VI CE- CHAI RVAN WALLIS: Well, | have one
conment. One conmment in ny draft letter point out
t hat your decision seenmed to be based on the whole
ot her proprietary information which was not avail abl e
to the public so there was nothing in the record that
showed you had actually conpared sone evidence with
some predictions and so on.

And it seenms -- and | suggested that it
woul d really help in a public presentation like this
t hat you and GE woul d agree to show sone evi dence t hat
was acceptable in ternms of proprietary matters and so

on. And you seemto have anticipated that by doing

it. There's at |least to sone degree, CGE s been
willing to show what previously was proprietary in
some form and you' ve been willing to show by their

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

111

agreement sone evi dence whi ch previously was provi ded.
That's a really good thing.

MR. LANDRY: Thank you.

MEMBER PONAERS: That neans he's | earned to
anticipate you. You're getting predictable in your
ol d age.

MR. LANDRY: W understood your criticism
or your comment at the subcommittee neeting and we' ve
worked with the applicant to try to find a way in
whi ch they can present and we can present together
material that would normally be proprietary in a way
that it could be in the public record.

VI CE- CHAIl RVAN WALLI S: Thank you. Are we
finished with this? Do | hand it back to you?

CHAI RMVAN BONACA: (kay, thank you. Let's
take a break now until 10:55.

(Wher eupon, the proceedi ngs went off the
record from10:41 a.m to 10:55 a.m)

CHAI RVAN BONACA: Let's get back into the
neeting. The next itemof the agenda is presentation
of the South Texas Project cause investigation of
react or vessel bottomnounted penetration of | eakage.
And | believe that Jack is going to take us through
t hat .

MEMBER S| EBER: Ckay. Thank you M.
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Chai r man.

Before we begin with the presentation, |
woul d like to give a mnute to Steve Rosen, who has a
conflict of interest statenent to nake.

MEMBER ROSEN: | think that's the
statement, that | have a conflict with respect to the
Sout h Texas Project.

MEMBER SIEBER  Ckay. So we will duly
note that.

| will point out that the issue of bottom
nount ed reactor vessel penetrations has been with us
for some tine. The exam nation in South Texas, which
is one of the early ones, occurred by I|icensee
initiative, which was found, a very mnor anount of
t hat .

Those of you who watch and read the NRC
Web site, youw || notice that there is an updated LER
on the Wb site, which gives a lot of detailed
i nformati on about concl usi ons fromt he exam nati on and
repair of these two penetrations. In addition, there
was a speci al i nspection teamreport and revi ewof the
staff evaluation of that. There is information,
t hough, which | don't have, which | understandis al so
on the Web site that is inits infancy at this point
in tinme.
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So what | would like todois tointroduce
our presenters fromNRR The actual presentation w ||
be made by Matt Mtchell. And to introduce him |
will introduce Bill Bateman.

MR. BATEMAN:. Thank you.

It is a pleasure to be here this norning.
Again, nmy nane is Bill Bateman. | am Chief of the
Mat eri al s and Chemi cal Engi neering Branch. Wthnmeis
Matt Mtchell, a senior technical staff nmenber of the
branch. And also Matt was a nmenber of the speci al
i nspection teamthat did investigate and review the
Sout h Texas event.

We have been before you, folks, | think
two other times along the way. And the |icensee has
been here as well. | think nost of you have a pretty
good idea about a lot of particulars. Wat we are
here for today | think is to close the [oop on the
root cause. Matt will do that.

The one thing that | did want to nention
is, as you all know, we did issue a bulletin on this
matter and requested that |icensees i nspect the bottom
head penetration. So we have had at | east one out age
season since then, and there have been no other
| i censees that have found any sim |l ar-type indications

at the bottomof their vessels. So, at |least to this
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point in time, South Texas is unique.

So, withthat, I will turnit over to M.
Mtchell.

MR. M TCHELL: Ckay. Thank you, Bill
"1l nove to the first. You have two packages of

slides: one word slides and one set of pictures. So
| amgoing to sort of intersperse those throughout the
presentation, and we will see how this works.

The last tinme that the staff was here to
give the ACRS a presentation of this nature was July
11th, 2003. At that point in tine, the South Texas
licensee was sort of in the mddle of their
i nvestigation and repair of the STP unit | vessel
They had conpleted their NDE canpaign and had
confirmed the presence of axially oriented flaws in
two of the STP unit | BM nozzl es, nunbers 1 and B-6.
They had also repaired the two nozzles using a
hal f - nozzl e repair techni que, essentially inpl ementing
an Alloy 690 half-nozzle from the exterior of the
vessel. That was sort of the state of know edge at
the time we were | ast here.

| am going to skip over to the pictures
just so that we can reorient ourselves one nore tine
with what we are talking about in terns of a BM

nozzl e.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

115

This first picture sort of gives you the
gl obal cross-section of essentially asidehill nozzle
in the bottomvessel head. You see the Inconel Alloy
600 nozzle, the Inconel welds, and its connection to
the |l owall oy steel RPP bottomhead. This is again a
slide you have seen before when we did the July
presentation.

MEMBER FORD: And, just to make sure, the
| nconel weld is 182. That is correct?

MR. M TCHELL: Eighty-two, 182, yes.

MEMBER FORD: One eighty-two root, then
182?

MR. M TCHELL: | believe so, yes. The
next couple of slides, again, just to refresh our
menories, | amgoing to show what the outcone of the
i censee's ultrasonic i nspections seemto indicatein
the way of the flaw shapes in the two penetrations.
The first onel will refer to as penetrati on 46, shows
2fairly substantial axially oriented flaws runningin
the tube wall, one of them connecting between above
and bel ow t he J-groove wel ds, which woul d presunably
be the | eakage path for the reactor coolant to get to
the exterior of the vessel and |eave the boron
deposits, which were observed.

MEMBER FORD: Where is it shooting for the
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UT fronf

MR. M TCHELL: They are shooting fromthe
i nsi de. Yes. What they had done was they had
devel oped tooling after of f-1oading the core. Cetting
t he sinpl e tubes out of the way, they woul d then cone
off the refueling bridge with a tool which would cone
down, | ock onto the top of the BM tube, and then send
a UT probe down the inside of the tube.

CHAI RVAN BONACA:  Now, the weld materi al
you show as being intact?

MR. M TCHELL: Yes. And it is shown that
way principally because UT results were unable to
really interrogate the weld material. It was
appropriate to claimthat they had fully i nspectedthe
tube but the weld was sonewhat inpervious to
penetration by the UT probe.

CHAI RVAN BONACA:  So we don't know still
to today?

MR. M TCHELL: Actually, | can speak to
that in just a few mnutes because we do have sone
addi tional information on that point.

MEMBER SHACK: We actually have a pretty
hi gh degree of confidence there was a cracked shape
within the tube. They got a nice clean shot at this.

MR. M TCHELL: Yes, yes, absolutely. | am
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goi ng to show penetration 1 in a secondinthis set of
slides because it essentially has the sane kind of
information that the other slide had onit. It shows
again a rather large axially oriented flaw.

But | wanted todrawinthis sort of small
red semcircle that you see on the overhead
projection. That is mnmy representation of what the
boat sanple or the material sanple that the |icensee
took to do further tests and evaluation. | have a
better picture of that. Your next slide shows a nuch
better drawi ng of it.

Just so you can kind of get a better
orientation of where that fits, that is the sort of
shape of the boat sanple that was obtained by the
i censee.

Now | am going to go back to slide 3 in
the word slide package. So at the time we were here
| ast, the licensee was in the process of obtaining
these boat sanples or material sanples from the
penetrations. They were unable to get a sanple from
penetration 46. They did obtain a sanple fromBM's
penetration 1, in which they captured both the
material of the tube and the material fromthe weld.

And the intent of where this sanple was

taken from was twofold: certainly to capture a
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section of the axially oriented crack to try to
confirm the cracking mechani sm responsi ble for the
event ual reactor cool ant pressure boundary | eakage and
to also attenpt to capture what had shown up as
di scontinuities or anomalies in the UT probe
i nspection. These were anonalies at the interface
bet ween the wel d and the tube and were believed to be
lack of fusion zones that had occurred during
fabrication.

Your next picture slide, which | think
am going to leave up there for the rest of the
presentation, shows another good view of the boat
sanpl e that was taken, this gray sort of shaded area.
It shows up better if you actually have the col or
printout, but the black and white isn't quite as good,
and where that was taken fromrelative to the axia
flaw and then sonme of the other features, which | am
going to get to in just a nonent.

The | i censee obt ai ned t his sanpl e and, of
course, took it in or sent it to Framatone for
destructive testing so that they could actually
exam ne t he cracked surfaces and ot her features within
the sanple. What they were able to confirmwas that
t he axi ally oriented crack was conmpl etely

inter-granular in nature within the part of the boat
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sanpl e where they could obtain the flaw surfaces to
| ook at, which woul d be consistent with primary water
stress corrosi on cracki ng bei ng t he mechani smof crack
initiation and propagation.

They noted that the axially ori ented PWSCC
flaw in the tube was | ocated at and connected to one
of these discontinuities or anomalies which was
observed in the UT scans. Those were, in fact, shown
to be weld | ack of fusion zones. That was confirned
as part of their anal ysis.

Inthis drawi ng, what | have outlined here
in green shows up a little better as the extent of
that axially oriented PWSCC crack. What | have tried
to circle in blue is the | ack of fusion zone.

Further, when they opened up this
speci nen, they found something which they had no
i ndication was there. They found a small flaw, which
is circled in red on the overhead projection, which
connected the wel d | ack of fusion zonetothe interior
surface or the crown of that partial penetration weld.
And it basically spanned a |iganent of about 80 ml s,
or .08 inches, through the J-groove weld material .

Thi s apparently perm tted reactor cool ant
to transport itself fromthe interior of the vesse

through this flaw and into the weld |ack of fusion
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zone. The flawin the weld was, in fact, exactly the
sane extent as the |l ack of fusion zone. So there is
a reasonabl e understanding that the occurrence of
those two features was connected, that they were
i nterconnected intheir appearance withinthe tube and
within the sanpl e.

| amnow going to go onto slide 5 in the
wor d package. The |icensee attenpted to determ ne the
cause of this flaw into the J-groove weld material .
But because the surface was heavily oxidized, they
were unable to conclusively find out or nake a case
for how that flaw came into existence. They
hypot hesi zed that it mght be due to hot cracking
and/ or fatigue nechani sns working to get that flawto
appear at that | ocation.

They al so determ ned that there was no
significant inter-granular cracking of the J-groove
wel d material. They had obvi ously a rather extensive
sanpl e of the J-groove weld material as part of the
boat sanple. At nost, they saw cracking of about one
to two grains in depth around the border of where the
wel d | ack of fusion zone was.

So there was not hi ng of any great extent
to indicate that the weld material was, in fact,

accept abl e or had shown signs of initiationof primary
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wat er stress corrosion cracking. And it gets back to
the point of the representations shown here of the
flaw being entirely within the tube seens to be
consi stent, therefore, with the observations fromthe
boat sanpl e.

CHAI RVAN BONACA:  Now, this boat sanple
section, you know, you introduced this now Is it
typical of the weld on all of the tubes that go in?

MR M TCHELL: |'msorry?

CHAI RVAN BONACA:  You are showi ng here a
boat sanpl e section.

MR. M TCHELL: Yes.

CHAI RVAN BONACA:  What is it?

MR. M TCHELL: That is the material
sanple. Wien | said they went and took an el ectric
di scharge machining tool in, in order to get this
sanple for further investigation, that is the sanple
| was referring to.

CHAI RVAN BONACA:  Yes.

MR. M TCHELL: So they have essentially
made cuts of that nature.

CHAI RVAN BONACA: | understand now.
Right. | understand now. But that flaring of the
weld material is typical of older welds for older

penetration.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

122
MR. M TCHELL: That woul d be typi cal, yes.

So if I nmove to slide 6, based upon, then, the
information that the |icensee had at their disposa
fromthe UT i nspections of both penetrations 1 and 46
and the i nformati on obt ai ned fromt he i nvesti gati on of
this material sanple, the |licensee proposed what they
consi dered to be the nost |ikely scenario for howthe
cracking at South Tex. occurred. And it goes that
during initial fabrication, weld |ack of fusion zones
were created withinthe weld material or the wel d-tube
i nterface.

A flaw in the J-groove weld then occurs
and connects this weld lack of fusion zone to the
primary coolant sonetime early in the plant's
operating history and taking "early" as a very
relative term because, really, based upon the
information, you can't say exactly when that m ght
have occurred.

React or cool ant then fl oods the wel d | ack
of fusion zone and creates all of the necessary
conditions for primary water stress corrosion
cracki ng. You have known susceptible material. You
have a very highly stressed | ocation due to the weld
residual stresses. And you have the primary cool ant

in that | ocation.
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VI CE- CHAIl RVAN WALLI S: I's there sone

mechani sm for concentrating boron? In other words,
t he concentration of boron in the crack is different
fromthe primary water concentration. It could be
temperature gradients or something which is causing
di ffusion or sonme sort of separation so that you get
a nore aggressive material in the crack than you get
in the primary water.

MR. BATEMAN: WMatt, the best way t o answer
t hat question m ght be when they took the boat sanpl e
out, if they found any additional boron in that crack
zone. | don't know if we have that information or
not. That would be the only way to real |y answer your
guesti on.

MR. M TCHELL: Yes. | think one could say
t hat certainly you can get concentration gradi ents at
| ocations like this. Wether that, in fact, occurred
inthis location, | can't say.

VI CE- CHAI RVAN WALLIS: Hi s argument was
not "Did it happen?” but "WAs there no mechani sm by
which it coul d happen that we m ght investigate, such
as a tenperature gradient or sonething that would
create a nore aggressive material."

MEMBER POVNERS: It raises a really

i nteresting phenonenol ogi cal question. Has soneone
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| ooked at the diffusion of ionic species, nore ionic
species and the conbination of a concentration
gradi ent and at the | ow gradient?

VI CE- CHAIl RMVAN WALLI S:  Yes.

MEMBER FORD: As a general question, yes.

VI CE- CHAl RMVAN WALLI S: Yes. You woul d
expect there are different driving forces for
di ffusion. They are well -known.

MEMBER FORD: Tension-driven diffusion,
convecti on.

MEMBER POVERS: He is asking about the
normal diffusion of an ionic species. | nean, the
answer is in general, yes, people have |ooked at
thermal diffusion in ionic species, but have they
| ooked at these ionic species in this gradient?

MEMBER SHACK: | think the answer is
probably no. In the BWR the diffusion is generally
driven by the el ectrochem cal potential, which gives
you a fairly big drive.

MEMBER PONERS: Like half a volt.

MEMBER SHACK: You don't have that. In
steanmerators, we have the concentration, the boiling
nmechani sm whi ch you have, those kinds of secondary
crevices. You wouldn't have that kind of a crevice

here. You woul d have a small thermal gradient here.
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You woul d probably have virtually no el ectrochen ca
potential gradient.

So there would be a small thernma
gr adi ent . It is hard to imagine that nuch of a
concentrati on.

MEMBER POVERS: | don't know the
quantitative aspects of this.

MEMBER SHACK: One general ly al so sees t he
boron concentration has afairly limted effect onthe
cracki ng of the All oy 600. W get boron on the brain,
and that is sort of inportant for carbon steel. But
for these highly alloy steels, it is not nmajor. But
plain old primary water does a wonderful job wth
Al | oy 600.

VI CE- CHAl RVAN WALLI S: A "wonderful job,"
do you nean it damages it or it doesn't danage it?

MEMBER SHACK: Correct. You don't have to
postulate too much in the way of an aggressive
chem cal environnment. You are beyond the hi gh stress.
And primary water would do the job.

MEMBER PONERS: Where could | | ook at the
t hermal diffusion of these ionic species? It is hard
on the ions for sure, but that is fairly geriatric.

MEMBER FORD: | agree with Bill. | find

it hard in that particular scenario when you don't

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

126

have any big potential drop, you are in a PWR
envi ronnent, you are not exposed to the air on the
outside, which is an initial issue on the DHB, you
could concentrate the boron. | don't see how you get
much of a concentration of boric acidinthat crevice.

MEMBER SHACK: And even if you did, what
di fference does it make?

MEMBER POVWERS: Well, | guess what | am
struggling to understand is you obviously have sone
intuition on this. How did you get that intuition?
And how do | go about getting that that intuition?

MEMBER FORD: Wll, there are three
mechanisns in a situation like that, if you get
concentration of species, an ionic species, just by
potential gradient, down the crack. W don't have
that in this particular scenario.

Everything is done at a |ow potential.
The crack tip and the bul k crack nouth, they are on
the same | ow potential. You don't have a potenti al
driving right here, |ike we woul d have in the boiling
wat er reactor under the old operating conditions.

Conduction, | don't think that that is a
big issue, particularly in diffusion. | don't think
that is a big driver. So nmy first reaction is no, |

don't see how you could get a boron concentration
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My ot her question arises, well, what el se
woul d giveriseto that circunferential crack? If you
di d have an Al l oy 82, the high chrom umcontent in 82,
as opposed to 182, you could conceivably have a hot
crack in concentration.

So that is why I amsayi ng you have got to
be crazy to say, "hot <cracking," a potential
hypot heti cal argument for saying that that is the
origin of that circunferential crack.

You asked what ny thought process was.
That was ny thought.

MEMBER POVNERS: The specific question was
a thermal gradient. | think that was an exanple. It
has been excused out of hand. | am trying to
understand why it is excused out of hand.

MEMBER SI EBER. Hi s ori gi nal question here
was, how does he get the information so that he can
under st and?

VEMBER FORD: Ch, | see. Any book on
crevi ce chem stry woul d.

MEMBER S| EBER: Any book on crevice
chem stry.

MEMBER FORD: | will give youthetitle of
an acconplished proceeding on crevice chem stry. |

will also send you a paper, another paper.
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MR. M TCHELL: We are | ooki ng at t he CRDMJ

group weld fromDavis Bessee. W are actually trying
to nmake crack row specinens. W are having a hard
ti me maki ng crack row speci nens because we get so nany
hot cracks. Every tine we take a chunk of nmetal out
totry to make a specinmen, it comes froma hot crack.
The fact that you have hot cracks here is not really
terribly --

MEMBER FORD: This is why Bill and I keep
on bringing up this question. As far as the chrone
content, you go like Alloy 690 from 600 or 82 from
182. You are generally inproving the storage room
syst enms because of the i ncreased chrom umcontent and
the effect that has on the chrom um content in the
green boundary. It also is adding a problem with
relative weldability. You do not agree, Bill?

MR. BATEMAN: | agree. |Industry has had
probl ems maki ng the 690 repairs.

MEMBER FORD: So you are trying to throw
in there is the notion of one problem stress
corrosion cracking. You are putting it into another
bin with the manufacturer.

VI CE- CHAl RVAN  WALLI S: Which was the
material that this primary material does a wonderf ul

job on? | didn't understand that what you neant by
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MEMBER SHACK: It is susceptible to
cracks.

VI CE- CHAI RVAN WALLI S:  VWhich material is
that? Wiich is where in this picture?

MEMBER SHACK: The tube in the green.

VI CE- CHAl RMVAN VWALLI S: So the tube is
bei ng made out of sonething which is very susceptible
to cracking in primary water.

MEMBER SHACK: Well, it's not an issue.
It wasn't thought to be an i ssue when t hey redesi gned
t hese things.

MEMBER FORD: Not initially

MEMBER SHACK: It wasn't the idea.

VI CE- CHAl RMAN WALLI S: That doesn't sound

good at all. So a "wonderful job" doesn't nean
anything. | was thinking that it would fall apart in
a week. It means you have to worry about it.

MEMBER SI EBER:  Yes. It takes nore than
a week.

MEMBER FORD: | think you have got to | ook
back to the era when these things were designed.
Al'l oy 600 at that time period was state-of-the-art in
terms of quantifying stress corrosion cracking

assessment. It was not that great. It didn't have
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t he experinents.

I f you shove Alloy 600 into specialized
water as it was experinental techniques existedinthe
'50s and the '60s, it wouldn't crack by a hell of a
long tinme, but in our tine frame, it was bad enough.

It wasn't until we got to the Curio in

France and deci ded to do sone experinents there. They

initially said, "You have got to be kidding." But
then you do nore experinments. It is true. It wll
crack.

CHAI RVAN BONACA: The only question | have
is lack of fusion is not an uncommon thing. | t
happens during wel di ng.

MR. M TCHELL: Absolutely not.

CHAI RVAN BONACA: | guess | amtestingthe
hypot hesis that this is comng fromlack of fusion.
Very likely it seens |ike a reasonabl e scenario that
is being devel oped. It tells me that you have
susceptibility at the other plants.

MR. M TCHELL: In fact, as aresult of the
UT inspections that they did at STP unit 1, they
characterized |l ack of fusionin all 58 of the STP unit
| BM penetrations to sone greater or |esser degree.
In fact, the two that actually showed signs of

cracki ng were not at the nost extrene end in terns of
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having the greatest magnitude of apparent |ack of
f usi on.

| think what this is tryingtotell usis
that the existence of this flaw, this flawed area
t hrough the J-groove weld that lets primary cool ant
get to that weld | ack of fusion zoneis, if youwll,
the critical controlling step in terns of getting at
| east this nmechani smfor PWSCC started. One coul d say
t hat the ot her BM penetrations at South Texas may, in
fact, not have that feature, which would all owcool ant
to get into the weld |lack of fusion zone.

MEMBER POVERS: Could | ask what quality
assurance was applied to these welds when they were
manuf act ur ed?

MR MTCHELL: At this time when these
types of welds are being manufactured, they were
subj ect to dye penetrant exam nati ons, root paths, dye
penetrant, dye penetrant halfway up or half-inch up
into the weld, and then on the crown once it was
conpl eted. That was the typical NDE that was applied
to this type of a configuration.

MEMBER PONERS: And so we concl uded t hat
t hose net hods are i nadequate?

MR. M TCHELL: It apparently did not

identify this configuration if this was, in fact,
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present since fabrication. If that was a hot crack or
part of that flaw was initiated as a hot crack,
apparently the dye penetrant exam was i nadequate to
find it during fabrication.

If it was, for exanple, subsurface,
i medi ately after fabrication and popped t hrough early
in plant life, you mght not have picked it up from
the | ast dye penetrant examthat you did.

MEMBER Sl EBER: Are there other UT
exam nations at other plants in these areas?

MR. M TCHELL: You nean in service, after
t hey have been put into --

MEMBER SI EBER: I n service, yes.

MR. M TCHELL: As far as | amaware, in
the U S, no. | amwaiting to see if sonebody el se
remenbers nore about this. | see Allen Hiser in the
back of the room He nmay have a better recollection.

| believe the French did do sone UT on BM
nozzles, but | would have to go | ook that up again.

MR. BATEMAN. That's true. They did do
sonme. They have done a substantial amount of UT on
t hese nozzles, but they have found no indications.

MR M TCHELL: It was 14, | think 14,
plants out of their fleet that they thought were

particul arly suscepti bl e.
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MR BATEMAN: | don't renenber the exact

nunbers.

MR. M TCHELL: They called the
manuf acturing history. A, maybe you know t he exact
nunber s?

MR H SER: | think it is sonething on
t hat order that Matt nentioned, about 14 plants that
had sonme fabrication or shipping-related i ssues that
caused themto be thought of as nore susceptible. W
bel i eve the nunber is about six that have done sone
ul trasoni c exans.

| think it is a continuing managenent
program that they have. So far they haven't
identified any service-rel ated cracking.

MR. M TCHELL: | think that our other
understanding is that | believe they stress-relieve
t hose. Did the French not stress-relieve those
penetrations in their vessels? | think that was what
we had heard.

MR H SER | think that was one of the
factors that caused sone of the nozzles and specific
heads to be characterized as nore susceptible.

MR. M TCHELL: Right.

MEMBER SI EBER.  And so | guess the bottom

line of ny question is, we are relying on visual
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exam nation is when to assure the pressure boundary.
So we woul d have no clue until one starts to | eak that
the conditions that would cause flaw grooves and
stress corrosion cracking are occurring in any vessel
at that | ocation.

MR. M TCHELL: It would be correct to say
that our expectation is that we nanaged these by
| ooking for evidence of |eakage and then take
appropriate action in response to finding evidence of
| eakage.

CHAI RVAN BONACA: The question that seens
to be actually hereis that given that apparently this
| ack of fusion zoneis comon, is that surprisingthat
we haven't seen any of this |eaking until now?

MR. M TCHELL: You woul d have to have an
i dea of how prevalent. |If you, in fact, considered
this connection to be the rate-limting step, you
woul d have to have an idea of how preval ent such a
feature is as part of fabrication. If it is very
common, you m ght expect nore.

You woul d say that perhaps 2 out of 58 at
Sout h Texas had the right set of conditions to have
this occur. That gives you, what, about a four
percent change roughly.

MR. BATEMAN: ['Ill just add a little bit
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of information. Al t hough South Texas is the only
pl ace we have found anything so far, industry is in
t he process and sone, | think Westinghouse for sure,
have devel oped equi prent and techni ques to go in and
do i nspections of these tubes if need be. So | think
there is anticipation there that we will see nore.

MR. M TCHELL: And | think rmuch of the
di scussion we are having around the table at this
point gets to points on ny last slide that we have
eval uated what the |icensee has proposed as the nost
i kely scenario.

Based upon t he evi dence avai |l abl e, | think
the staff considers that to be a very reasonable --

VI CE- CHAl RVAN WALLIS: Could I ask? Do
you nean that this is a believabl e scenario or that of
t he many scenarios, this is the nost consistent? They
| ooked at many different scenarios, and this is the
one which is nobst consistent with the evidence?

MR M TCHELL: Yes.

VI CE- CHAl RMAN WALLIS: That is what this
woul d say?

MR M TCHELL: Yes. The |icensee
consi dered such things as perhaps cracki ng coul d have
initiated on the I D and propagated through.

VI CE- CHAl RVAN  WALLI S: This set of
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scenari os that they postul ated was conplete, then, in
your view? They didn't |eave anything out?

MR M TCHELL: Yes.

VI CE- CHAI RVAN WALLI S:  Ckay.

CHAI RVAN BONACA: So you are saying that
t hey postul ated ot her mechani sns?

MR. M TCHELL: Going in, they thought
about just fatigue. They thought about IDinitiated
primary water stress corrosion cracking working its
way out through the tube.

They had a fairly conprehensiveor -- |1
just it plain -- a conprehensive list of scenarios to
| ook into. And they settled to this as the npbst
likely.

Then further, so based wupon this
postul ated scenari o, we can't at this point conclude
that STP unit | is uni que because of the way that the
rest of the fleet of vessels was manufactured woul d
tend t o make one bel i eve that such a set of conditions
coul d exist el sewhere within the industry.

Therefore, the continuation of reliable
i nspections of the bottomvessel heads i s appropriate
to |l ook for evidence of |eakage and so that it could
be repaired in a tinmely manner.

The staff has comunicated with the
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industry on this topic, both through information
notice 2003-11, supplenent 1, which contains this
information from the l|icensee's final root cause
anal ysis and LER that was issued in January of this
year and t hrough bul I etin 2003-02 on our expectations
for RPP | ower head inspections.

CHAI RVAN BONACA: You would have to
devel op significant confort that should a tube start
to | eak, you woul d have enough tine. What | nmean is
that, fromthe cycle in which you are looking at it
and there is no | eakage to the next cycle, where you
find the |leakage, it is inpossible to have
catastrophic failure of the tube, right? | mean, you
have to have that kind of confidence.

MR. M TCHELL: The experience with South
Texas suggests that that woul d be the case, that this
has manifested itself to date as axially oriented
cracking, which is, of course, generally unlikely to
lead to full-scale rupture and failure of a tube and
that it would manifest itself by |eakage, by boron
deposits on the exterior head.

VI CE- CHAl RVAN WALLI S: Can | go back to ny
previ ous question, then? You said the |licensee had a
| ot of hypothesized scenarios and conpared themw th

t he evi dence and concl uded that a certain one was t he

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

138

nost |ikely. This relies entirely on what the
| i censee chooses to investigate and tell you about.

Presumably soneone independent, |ike
Argonne National Lab, is also |ooking at possible
scenarios. They m ght come up with other scenarios
whi ch actual |y are better thanthe |licensee suggest ed.

MR. M TCHELL: W have not endeavored.

VI CE- CHAI RVAN WALLI S:  So you are relying
entirely on sonething submitted by the |icensee,
rat her than some i ndependent experts, who m ght have
a better explanation?

MR BATEMAN: Well, in fairness to the
i censee, the |icensee --

VI CE- CHAl RMAN  WALLI S: I am not
criticizing. | amjust saying, you are relying only
on the |icensee?

MR. BATEMAN: Well, that is what | wanted
to just expand upon a bit. The licensee did marshal
all the forces available in industry to help themget
through this. They didn't do this in a vacuum j ust
with their own staff. They brought in people from
many different places to help themwork through this.

And so | would say that if you were to
take it to a national |ab or some other place, the

chances are good we would conme up with the sane
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concl usi on.

MR. M TCHELL: And, just to anplify on
that, we certainly did not only | ook at the final Iist
of hypotheses, if you will, that they came up wth.
We also examined their process, their root cause
anal ysis thinking, which led themto that |ist of
possibilities. | think that gives us an even greater
degree of confidence that they have kind of covered
the waterfront on this.

MEMBER SHACK: They have al so presented
t heir anal ysis at t he CRDMwor kshop, which is sort of
a public peer review, presented rather detailed
evi dence there. | nean, that hasn't shown nearly for
all of the information they have put together.

VI CE- CHAl RMVAN WALLI S: That is really
good.

MEMBER SHACK: Every industry analysis
whi ch was conprehensive --

VI CE- CHAI RVAN WALLIS: It is in a public
forum So other experts have a chance to say, "How
about this?" or "How about that?"

MEMBER PONERS: Well, it's a public forum
of a very unusual type. It is only people who are
intimately involved in the CRDM networKk.

MEMBER SHACK: No. There were i ntervenor
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groups. The press was there.

MEMBER POVNERS: As nmuch as | admire the
press, their credentialsinmetallurgy areoftenquite
[imted. VWat | am wondering about is the
netal | urgi sts of Bangl adesh ordi narily work on bridges
that say, "Ch, yes, | have seen this exact sort of
thing in some other context"” and "This is a speci al
bridge."

What | am asking about is the broader
| arger technical comunity, really, though. Is there
a forum for doing that sort of thing within the
corrosi on community that says, "Ch, tell us all about
your failures"?

MEMBER FORD:. Yes, yes, not associ ated
wi th corrosions, yes.

MEMBER POVNERS: NASE?

MEMBER  FORD: NASE, yes. NASE
I nternati onal has got a whole | ot of subcommttees at
t hei r annual general neeting that nmeet at their annual
general neetings so people from the petrochem cal,
fromnuclear, fromfossil power get together and chew
over the fat over their various problens.

Now, | nmust admit that is not areally big
medi um There are maybe 30 people in these neetings.

In answer to your direct question, do they ever get
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t oget her --

MEMBER SHACK: There are nore than 30
peopl e there.

MEMBER FORD: W thin the subgroups, |ike
PWR and BWR operat ors.

MEMBER PONERS: What |' mworried about is
this. Professor Wallis asked, did the Ilicensee
consi der everything? The answer was, "Ch, yes, he
did." Well, that is quite untrue. I mean, | can
assure you they left out sonething. Okay? It would
be inpossible to ever attest that they considered
ever yt hi ng.

MEMBER FORD:  Sure.

MEMBER POVERS: And | am wondering, sone
of these i ssues, especially when things are uncertain,
if people in outside specific comunities worrying
about CRDM need to have an opportunity to exam ne and
comment on the findings in sonme way.

This is the | arger philosophical issue.
It has nothing to do with this specific task. It is
that the trouble is everybody worri ed about CRDM has
a certain straitjacket in their thinking. And | am
asking, isit appropriate to have that straitjacket or
is that --

MEMBER FORD: Well, it is sort of people
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inthis room | nean, go into these conferences.
know you have got a predilection against corrosion
engi neers tal king with corrosion engi neers.

MEMBER PONERS: No. It is not that that
| want . It is corrosion engineers in one context
tal king to corrosion engineers --

MEMBER FORD: Vell, within those two
organi zati ons, we should send you neeting m nutes.
There are people from the regulators, from
universities, fromnational |abs all over the world.
And, believe ne, all of those people in general are
Type Atype personalities. They will rip you apart if
you have a | oose idea. It is real.

So if you come up with a self-serving
opi ni on, regardl ess of whether it is fromone of these
conmunities, it will be torn apart. And | can assure
you of that. | have been torn apart. Bill has been
turn apart.

VI CE- CHAI RVAN WALLIS: So | guess, then,
it is not really a question of tearing apart. It is
a question of ideas of what m ght be a new hypot hesi s
which is about to be torn and not torn about.

CHAI RMVAN BONACA: But we are tal ki ng about
the specifics of this deal. Could you put up slide

nunber 17
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MR M TCHELL: Slide nunmber 1 of the

pictures or the --

CHAI RVAN BONACA:  Pictures.

MR. M TCHELL: The pictures.

MR. BATEMAN: \While Matt is putting that
up, there is another group. The ASME code is very
much i nvol ved. They fornmed a specific working group
t hat has expertise fromall of industry to |look into
Al'l oy 600 issues, not just CRDM i ssues.

It is an Alloy 600 issue that we are
dealing with here. It just so happens Alloy 600 is
used in CRDMs, but we use Alloy 600 material to nake
the welds in the primary cool ant system

So it is a bigger, broader issue, and it
enconpasses all of the expertise thereis out there at
this point in tinme.

MEMBER PONERS: Certainly | realize that
the Alloy 600 issue exists, but it is not the Al oy
600 people that | want to look at this. It is the
people that don't work with Alloy 600 that | want to
get their opinion on it because | think you got nore
than an adequate nunmber of people who are
know edgeabl e on Al'l oy 600 | ooking at it. And | don't
come away sayi ng, "Ah. W have got our finger on the

pul se here." | cone away saying, "Well, we my
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understand this. Well, it could be sonething that
surprises us."

MEMBER FORD: Well, we can tal k about it
of fline, then.

MEMBER POWERS:  Sure.

MEMBER FORD: | can assure you peopl e from
a wide variety of disciplines and interests are
di scussing it.

MEMBER POVERS: Ckay.

CHAI RVAN BONACA: | had a question. That
illustrates the thickness of the wall of the vessel.
Ckay?

MR. M TCHELL: Yes.

CHAI RVAN BONACA: | woul d |'i ke to know, do
we understand now how far did the flaw in the tube
expand towards the bottomof the wall of the vessel?
Howfar didit goin physically? Do we understand it?

MR M TCHELL: Fromthe UT results, you
coul d make a connecti on between t he extent of the flaw
and how far it would have propagated down the tube
into the area where the ferritic material of the
vessel is. If | have one of nmy drawing pens, | wll
try to do that justice if | can.

| think that m ght be pretty close to a

fair representation. So you are not talking of any
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great extent inthat direction, and to sone degree you
woul dn't expect it to go at great | ength because if it
is driven by the weld residual stresses, once it
penetrates acertaindistanceineither direction, you
| ose driving force.

CHAI RVAN BONACA: |'mtrying to, | guess,
pursue again the questions that | had before. How
confortable is one between the cycle, when it is not
| eaki ng, and the foll ow ng cycle, where you find the
| eak that there is a zero chance that there i s going
to be a large failure of the tube during the cycle?

MR. BATEMAN: The key point, let ne draw
a parallel over the upper vessel head penetrations
because we are all famliar with that as well. As
| ong as there are axi al cracks and only axial cracks,
we had a certain confort factor.

As soon as t he cracks t ur ned
circunferential and, therefore, woul d be vul nerableto
t he kind of scenario that you are concerned about, we
went to a nmuch nore aggressive inspection.

| think the same would hold true here. |If
inthe future we found | eaks were identified and t hey
did inspections and found circunferential cracking,
t hen the extent of our concern woul d certainly expand

substantial ly.
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CHAI RMAN BONACA: If | renenber fromthe

experience in CRDM all you need is two axi al adj acent
or sone distance from each other to expand into a
circunferential one.

| mean, it seens to me that at sonme point
you are going to find oneif, infact, this phenonmenon
is going to happen with sone frequency.

| am not asking you to have an answer to
that. | amonly trying to have sone confort about the
fact that with these kinds of penetrations, we are
going to request just visuals. And probably it is the
right thing to do. So there are reasons why for the
CRDM vi sual s are not bei ng consi dered adequat e.

MR. M TCHELL: | think that the one other
factor that shoul d be consi dered when conparing t hese
penetrations tothe upper head vessel penetrationsis,
infact, thereis anintentional gap cl earance bet ween
t he tube and the vessel. So it is not aninterference
fit configuration.

| think that has led us to believe that
there is a higher likelihood that |eakage woul d make
its way through this annulus and then be visible on
t he bott omhead, as opposed to t he upper heads, where
you have an interference fit configuration.

CHAI RMAN BONACA: You haven't abandoned
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totally the process of asking what if?

MR. M TCHELL: Absolutely not, absol utely
not .

CHAI RVAN BONACA: Gkay. | think | agree
with your comment that given what we have seen to
date, our response is volunetric exans as a basel i ne.
| f we had evidence of circunferential cracking, the
response would be different.

VI CE- CHAl RVAN WALLI S: Where does this
tube go that is sticking up in the sky there?

MR MTCHELL: It essentially acts as a
guide tube for the thinble tube, which runs inside
her e.

VI CE- CHAl RMAN WALLIS: So it runs upinto
the core, the plenun? It stops in the | ower pl enumor
does it go in through further than that?

MR. M TCHELL: It stops in the |ower
pl enum

VI CE- CHAI RVAN WALLIS: But it sticks out?

MR. M TCHELL: Yes.

VI CE- CHAl RVAN WALLI'S: | don't know howiit
is made or how it is put in or how other things are
put in, but if something were put in |ater and bunped
up agai nst it, presunmably this woul d have sone effect.

MR M TCHELL: It coul d.
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VI CE- CHAl RMAN WALLI'S: | don't know what

abuse it mght be subject to while they are nmaking
sonething or adjusting something or changing
sonet hi ng.

MR. BATEMAN. That's very possible. W
had the sanme concern with the upper vessel head
penetrations as well, that aligning, pulling these
t hi ngs to al i gnnent, woul d i nduce addi ti onal stresses.

MEMBER S| EBER: The t hi nbl es are actual ly
extracted at every refueling. So there is a physical
notion that goes on inside that tube. On the other
hand, this tube is bigger and stronger than the
thinble itself.

MR. M TCHELL: Absolutely.

MEMBER SI EBER: So i f you are going to see
wear or anything |ike that, you are goingto seeit in
the thinble. And that has occurred. That has been
noted in the past.

MEMBER LEI TCH: Matt, | have sone
confidence that this is just a PWR problem

MEMBER SI EBER  Yes.

MEMBER LEI TCH: Coul d this al so be a BWR
problem but wthout the boron to indicate the
potential |eakage could be further down the |ine?

MR. BATEMAN:. We do have sonme BWR | eakage
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t hrough the stub tubes. | amnot exactly sure where
inthat, where the CRDMhousing is wel ded to the stub
tube. W are not sure exactly. The |licensees haven't
determ ned where the | eakage is, but there has been
sonme | eakage at at least two facilities that | can
t hi nk of .

And rol | repairs to the housi ngs have been
t he met hod of how those were repaired, actually put a
rollover, sone rolling device inside housing, and

pressed it up against the vessel wall to stop the

| eakage.

MEMBER LEI TCH: | am saying --

MR. BATEMAN. That is not an Alloy 600
problem Well, there are sone Alloy 600 wel ds, but |
am not sure if they were at the two plants | am

t hi nking of, if those particul ar wel ds were Al |l oy 600
or not. | don't know. Oyster Creek and Nine Mle, I
don't know. They are two older plants. | don't know
what wel d material they use there right off the top of
nmy head.

MEMBER LEITCH:  See, in one sense, the
boron i s bad because we are concer ned about corrosion.
But in the other sense, the boronis atelltale that
tells you you have got alittle |l eak. You don't have

that in a BWR
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MR. BATEMAN: Vell, as you know, you

wor ked at BWR in your past. One of the first things
they do when you shut down is go in and do an
i nspection underneath the vessel to | ook for |eaks.
O course, if they are very small, obviously, right,
you won't see them And boron would be a good
i ndi cator, you are right.

VEMBER LEI TCH: And it is a difficult
pl ace to inspect. There is so nuch stuff under the
belly of a BWR with the control drivers and all the
instrumentation and the LBRMs. | nean, there is a
whol e forest of stuff under there.

MR. BATEMAN: It is a rat's nest under
t here.

MEMBER LEI TCH: It is hard to see what is
goi ng on.

MEMBER Sl EBER: Plus, the radiation is
usual I'y airborne.

MEMBER SHACK: Coul d you make good vi sual
i nspections on all the PARs? | nean, | know South
Texas is ideal, but how about the rest of then?

MR. M TCHELL: O her |icensees have been
perform ng inspections in that area. | should
probably deflect that question over to our fol ks who

have been dealing nore globally with that issue,
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however, about the quality of those.

MR. SULLI VAN: We anticipated that m ght
be a problem PWRs. And so far sonewhere on t he order
of 23 to 25 pl ants have done t he i nspecti on, dependi ng
on whether you want to count Davis Bessee and South
Texas.

They all mde the area accessible by
either lowering the insulation or renoving panels.
They took stuff apart, and they were able to get
conpl ete access for visual exam nations. A |lot of
t hem used caner as.

MEMBER SHACK: There i s not sone ol d pl ant
with asbestos stuck to the bottonf

MR.  SULLI VAN W did not hear of any
outliers with respect to being able to get access to
get a good | ook at each penetrati on.

CHAI RVAN BONACA: How many of the PWRs
have the bottom i nstrumentation?

MR, SULLIVAN. | think all of themdo but
the C pl ant.

CHAl RVAN BONACA:  All but the C?

MR, SULLI VAN: The exception of Palo
Ver de.

CHAI RVAN BONACA: E&W pl ant they have

t hat ?
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MR SULLI VAN:  Yes. It is somewhere in

t he hi gh 50s.

MR. MONARQUE: The bulletin was sent out
to 58 plants, all PWRs.

MEMBER LEI TCH:  Well, I"mstill not sure
| really got an answer to my question about the B's.
| nean, are we doing anything? I's anything
appropriate for BWRs?

MR. BATEMAN. Wl |, basically other than
typi cal inspections underneath the vessel at the end
of the operating cycle and the two plants that have
identified | eakage and addressed it, no, there isn't
anything el se that we are doing in that area.

MEMBER Sl EBER: Well, are there any
further questions?

MR. SHEA: Yes. M nane is Jim Shea. |
amdown here sittinginfor Bill Rolandinregionlll.

One of the questions in our mnd is
wor ki ng wi th Davi s Bessee i ssues. | knowthey did an
i nspection, and | guess they are looking for this
popcorn-type | eakage. | was wondering, do we have any
definitive way or thing to |look for when we are
| ooking for this type of |eakage?

They di d have sone resi due that they have

addr essed as wash-down and ot her things that they did
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not attribute to | eakage fromthe nozzles. | was just
wondering if we know definitively what you are going
to see when you have | eakage through this crack.

MR BATEMAN: We can have Ted Sullivan
answer that.

MR. SULLIVAN: W had di scussions with a
nunber of |icensees and with the residents at a nunber
of the plants to ask the question basically, "What are
the licensees |ooking for, and how have they been
trai ned?" The consistent answer that we got back was
t hat they were | ooki ng for the kinds of deposits that
t hey saw at South Texas.

| think that nost of the i nspectors at the
pl ants woul d have seen those photos. They m ght have
had sonme sort of formal training on it. They would
have been fam liar with the ki nds of deposits that we
are seei ng on the upper head. And they were basically
| ooki ng for those ki nds of deposits that were sonewhat
puffy, Iike we have seen on t he upper head and seen at
Sout h Texas.

They have tried to distinguish themfrom
stains com ng fromwash-down from al ong the side of
the vessel fromreactor cavity seal |eaks. A nunber
of them did chem cal anal yses of these deposits by

taking things |ike chem cal sw pes or by renoving
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whitish material that they didn't think was a boric
acid deposit but took the sanple anyway.

| am not an expert in how they did the
chem cal analysis, but they used different types of
anal yses and concl uded that the materials that they
were renoving were not from | eakage frominside the
reactor, as distinguished fromrefueling water or sone
ot her debris, like insulation.

MEMBER S| EBER: Okay. Any additiona
guesti ons?

(No response.)

MEMBER SIEBER: If not, | would like to
t hank you for your presentation.

MR. BATEMAN. Thank you.

MR. M TCHELL: Thank you.

CHAI RVAN BONACA:  Any ot her comments or
guesti ons?

(No response.)

CHAI RVAN BONACA: Thank you for your
presentation.

We are going to recess until 5 m nutes of
1: 00.

(Wher eupon, at 11:53 a.m, the foregoing

matter was recessed for lunch, to

reconvene at 12:55 p.m the sane day.)
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AAF-T-EERNOON S-E-S-S1-ON
(12:56 p.m)
CHAI RVAN BONACA: Let's go back into
sessi on. The next item on the agenda is the
resolution of certainitens identified by the ACRSin
NUREG 1740 related to the differing professional
opi ni on on steamgenerator tube integrity. Dr. Ford
is going to |l ead us through the presentation.

MEMBER FORD: Thank you, M. Chairnman.
The | ast two days, Tuesday and Wednesday,
we had a two-day full meeting hearing the progress on

the DPO i ssues which were raised i n NUREG 1740.

Bill, do you want to add a conflict of
i nterest?

MEMBER SHACK: | was going to let you
finish your speech first, but yes, | have a conflict

of interest inthis since Argonne National Laboratory
has been doing sonme of this work.

MEMBER FORD: As was di scussed during the
two-day neeting, the resolution of these issues in
NUREG 1740 have been nel ded into a rmuch | arger steam
generator action plan. This was described to us over
the | ast two days.

In order to try and conpress all of the

information that we heard in these | ast two days into

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

156

this current two-hour presentation, we advised the
staff that: (a) there should be a brief nmention of
how the DPO issues were nelded into the steam
generator action plan, to confine thenselves to
summari es of the many tasks that are in this action
plan, with the recognition that there m ght be sone
qguestions on errors, such as the i odi ne spi king factor
and al so the PRA

For t hose nmenbers who were not present the
last two days, you wll see the full list of
presentations just for your information.

At this point, I would like to pass it
over to Joe Miuscara to | ead us through this overview.

DR MJSCARA: Thank you, Peter.

| guess this norning we will provide a
brief overview again and then go into the summary of
the work we presented over the |ast two days.

First, as we indicated over the |last two
days, we have provided the ACRS subcommttees a
detailed progress report on a multidisciplinary
i ntegrated research programto address the potenti al
for steamgenerator contai nment bypass during severe
acci dents and al so on ot her techni cal issues that were
rai sed by the ACRS i n NUREG 1740.

This integrated program that we have
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devel oped in generators was quite simlar in concept
to the current activities on PTS. Now, the research
work is also part of the steamgenerator action plan
t hat was revi ewed and endorsed by the ACRS i n Cct ober
2001. The itens 3. X in the action plan were resol ved
in the recommendations in 1740.

Consi der abl e research has been conpl et ed
since this time frame in the areas of in-service
i nspection, on the steam generator tube integrity
under MSLB | oading conditions, and primary system
conmponent response during severe accidents, and on
t hermal hydraulics, and al so on the PRA

Based on the conpletion of some of this
research, some mlestones have been conpleted. And
sone of those actions were closed. However, work in
sone of these same areas has continued based on the
| essons learned in the research and underneath for
refinenments. Therefore, the steam generator action
plan is updated periodically to reflect the ongoing
activities.

| would also like to indicate that
al t hough sone of these actions, sone of these tasks
and subtasks were closed, resolution of the major
issues will be based on the staff's utilization of

conpl et ed and ongoi ng research activities, which are
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schedul ed i n the action plan for 2005 and 2006. So we
consider, really, our presentations over the |ast
several days to be a progress report on research
activities that are ongoi ng.

In addition, | wanted to let you know
about an effort we conducted over this past year
There was an integration effort conducted by the
research staff. Were the prograns in the different
divisions were reviewed and integrated into one
program | held six one-day nmeetings during this past
sunmer where we di scussed t he overal |l main goal of the
research. W also reviewed the ongoing research
identified newresearch that was needed, and al so t he
i nt erdependenci es of tasks and the schedul es.

So fromthis, we devel oped an integrated
program for assessing the potential of severe
acci dent -i nduced steamgarniture contai nnent bypass.
Now, this work is planned to be conpl eted by the end
of fiscal 'O05.

What we were intendi ng to do today, then,
was provide brief summaries of the work that was
presented in detail to the subcommittees and wl|l
provide sumaries in the areas of materials and
t hermal hydraulics and PRA. We wi || al so discuss the

full pitch and the item spiking issues.
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VI CE- CHAl RMVAN WALLI S: This integrated

program | was hoping to see a picture or something
about how everything fits together. Was this sinply
a di scussi on anongst people doing lots of different
bits of work?

| guess what we were asking, the
subcommittee, was, how does this all fit together?
How do you prevent sort of one group from doing an
infinite anbunt of work on sonething?

They are going to have to stop. Have they
done enough work to answer some questions? How does
it fit into the big picture?

DR. MJUSCARA: Yes. | apologize | did not
make a viewgraph, but | did hand out yesterday the
detailed integrated plan. Now, according to that
pl an, we clearly discussed the techni cal work and how
the different tasks fit together, what are the
predecessors and successors; that is, what input goes
to each task and howthe out puts of the task are used.

In order to make sure that the work
proceeds as it should, we have planned to have
peri odi c nmeetings of a technical teamthat has been
assenbled to integrate this work. The technical team
menbers will neet every two nonths to review our

progress, to define any additional needs, and t o nmaeke
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sure that all of the interdisciplines are getting the
information that they need.

I n addi tion, the contractors are all owed
to talk wth each other so that they --

VI CE- CHAl RVAN WALLI'S: | guess we don't
have time to do it now, but there has got to be
someone in charge so you can really see how much
detail you need in all of the pieces, how they fit
together. O herw se one non-contractor just can get
carte bl anche toinvestigate ad i nfinitumall kinds of
stuff.

DR. MJSCARA: No. W define precisely
what needs to be done. And ny responsibility is to
make sure that the work is integrated and that it is
going on as planned. So | neet at |east every two
nonths with the group to nake sure that we are doing
work that is needed and not beyond.

In fact, | mentioned that we identified
some new work that was needed. W also identified
sone work that was not needed. And we have reduced
t he enphasis on that work.

MEMBER FORD: | think the direct answer to
your question who was in charge, it is Joe. Joeisin
char ge.

VI CE- CHAl RMAN WALLI S: Then, of course, we
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have to satisfy ourselves that you know what you are
doi ng while you are in charge.

DR MJSCARA: Wll, | have a team of
techni cal |leaders in the different disciplines.

VI CE- CHAl RVAN WALLI S: Ckay. That's fi ne.

DR MJUSCARA: W have defined the work
that needs to be done, and we keep up with it on a
frequent basis.

MR, WOODS: Joe, this is Roy Wods,
research staff. Apparently Dr. Gahamdidn't get a
copy of +the project plan that you passed out
yesterday. | can go get another one if that woul d be
useful .

DR, MUSCARA:  Sure.

VI CE- CHAl RVAN WALLIS: Well, | guessit's
nore than just the plan. | don't want to bel abor the
point, but it is clear that there has to be judgnent
made on all kinds of points here about when you need
nore work here, when you need | ess work there, and so
on. | amnot sure that you guys are really on top of
t hat yet.

MR, WOODS: We were taking the first cut
at that in devel oping the plan.

VI CE- CHAl RVANWALLI S: When you real |y get

on with this PRA and know what you need i n the vari ous
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conponents, hownuch nore uncertaintywll it tolerate
in the various bits, you have a nuch better way of
deciding if we need any nore work or not.

DR. MUSCARA: Yes, precisely, but that we
defi ned what we think we need at this point. W wll
keep upwith it and keep updating it and al so have the
responsibility to keep managenent i nforned about our
activities. So frequently when we have new needs or
t hi ngs are not progressing, we have a responsibility

to make managenent aware of this and get problens

resol ved.

So we have a plan in place. | have
confidence it will be conducted to conpletion in a
good way.

MEMBER APOSTOLAKI S: I n your second sl i de,
you say that the integrated programis simlar in
concept to PTS. PTS had a very nice picture show ng
how t he various disciplines canme together. Do you
have a simlar thing Iike that?

DR. MUSCARA: Yes. In fact, we presented
sonmet hing |ike that yesterday.

MEMBER APOSTOLAKI S:  But not today?

DR. MJUSCARA: W have limted tinme today.
And we felt that we only needed to go in a very broad

overvi ew.
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MEMBER APOSTOLAKI S: So yesterday' s is big

t hi ng?

DR. MUSCARA: If | may, then, | would |like
to go into the very brief summary of the
materi al s-rel ated work. The steam generator plan
action item 3.6 relates to a trying to address the
ACRS concl usi on t hat i nprovenents can be made over t he
current views of a constant probability of detection
of .6.

To address that, we conduct ed an ext ensi ve
eddy current round robin analysis of data obtained
from a nock-up, where we developed from a bit of
probability of detection curves as a function of the
i nspection nmethod; of the flaw |l ocation in depth; as
a function of flaw voltage; and all that up here,
which is a structural paraneter for the integrated
tube. We did this for 76-inch Alloy 600 tubing.

Agai n, over the last couple of days, we
have presented extensive information on this. Many
curves wer e devel oped t hat descri be the probability of
detection over the entire range of flaw sizes in our
paraneters of interest. Wiat we found is that
probability of detectionis fairly high, quite high,
for flaws that can inpact structural integrity.

VI CE- CHAI RVAN WALLI S: See, that's the
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kind of thing |I was getting at. Were they high
enough? And how high did they need to be?

DR. MUSCARA: Yes. And that clearly is
part of one of the itens that feeds into the PRA

MEMBER PONERS:. These data that you are
collecting onthe POD, will they eventually result in
replacing the POD that is assuned in the alternate
voltage repair criterion?

DR. MUSCARA: That's a possibility. It is
not something that we have a plan for yet. The
i ndustry may provide an alternate criterion. In sone
cases, they are interested in having a depth base
criterion. One such criterion has already been
accepted, a depth base criterion for the degradation
of the dented support.

VMEMBER POVERS: The objection that was
raised in the original POD report was using the
constant .6 POD.

DR. MUSCARA: That is right.

MEMBER PONERS: We really think PODis a
function of depth, and you really ought to devel op
one. Now, it | ooks |ike you are devel opi ng one here,
but if you are not going to use it, you are wasting
time.

DR. MJUSCARA: Well, you are correct, but
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at the time that we chose that .6, therereally wasn't
much dat a.

MEMBER PONERS: | understand that.

DR. MUSCARA: So the point hereis that we
devel oped the data. And the curves are now avail abl e.
And if one chooses to go that direction, we have the
t echnol ogy and the dat a.

MEMBER POVWERS:  Ckay. But you are not
going to wite a letter to NRR and say, "Here, guys,
use this, and don't give us a hard time"?

DR MJUSCARA: W have transmitted the
report with the major conclusions fromthe report. |
don't think we said, "Here, use this instead of .6."

MEMBER POAERS: You can lead a nmule to
water. You are just not trying to nmake it drink.

DR. MUSCARA: There were sone cracks, of
course, that were mssed. The POD wasn't perfect.
And sone of the reasons for mssing sone of these
cracks were that the signals were really too conpl ex.
And sonetinmes they were msinterpreted.

Also, we find that sone of these tight
cracks, it was a |l owsignal response. Therefore, the
signal -to-noise ratiois low. And we did find sone
cases of human error.

MEMBER POVERS: Not at Argonne, of course.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

166
DR. MJUSCARA: Well, this was work done at

Argonne, but, of course, the eval uati ons were done by
a comercial team

MEMBER PONERS: Not at Argonne.

DR. MJSCARA: OCh, no. They don't nake
errors at all.

MEMBER PONERS: | woul d expect human error
t here.

DR. MUSCARA: None. One thing | noticed
-- | have been involved in this area for a long tine
and have eval uated the inserting generator, where we
devel oped the POD code for the kind of flaws that were
inserted -- was that there was a nmaj or i nprovenent in
the results fromthe current round robins.

| attribute that nostly to the current
extensive training and qual ificationrequirenents for
i nspection techniques and personnel and also to
i nprovenents in the data analysis process. It is a
much nore conpl ex process that goes on t hese days when
t he i nspectors evaluate a given signal.

VI CE- CHAl RMAN  WALLI S: Wasn't it
inspectionreliability or was it consi stency that was
proved? It wasn't proved to ne that you coul d detect
smal | cracks any better, but all the teans did about

the sane job was the nessage | took hone.
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DR. MJUSCARA: Yes, but reliability, |

relate that directly to probability of detection. And
with smal|l cracks, there are limtations based on the
physics. So that doesn't inprove. But for the | arger
cracks, there was a big inprovenent.

VI CE- CHAl RVAN  WALLI S: They were all
consistent. The teans performed consistently.

DR. MUSCARA: They were consistent. There
was little spread between the teanms. But also this
result was a |lot better than the work we did in the
' 80s, where the nmaxi rum PODs were about .8. Maxi num
PODs here were about .95.

Noi se, of course, is a major paraneter in
either detecting or mssing the flaws. And we have
devel oped net hods for adjusting the POD curves based
on the level of noise. The idea here is that this
data could now be used for this different noise
situation. For exanple, plants may have nore noise
t han our nock-up did. So this data can be adjusted to
apply to any particul ar situation.

To nove on to the structural integrity
work for main steamline break | oads, this address is
the action item 3.1. We perforned structural
cal cul ati ons based on pressure | oads we obtai ned from

NRC staff calculations with trays. And we used a
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factor of 1.5 on those inputs to bond any
uncertainties on the cal cul ated pressure | oads.

We find that the nost critical transient
of the secondary site transient was the main steam
line break fromthe hot standby. W also determ ned
t he dynam c | oads have virtually no effect on failure
due to the presence of axial cracks. |In fact, axial
cracks behave a bit better than they do if the crack
wasn't there.

Now, finite elenent analysis nodeling
usi ng one, two, four, and ten tubes that are | ocked at
t he support plate showthat if only one or two tubes
are assuned to be | ocked, the stresses on the | ocked
t ubes can exceed the ultimate tensile strength.

However, because t he maxi numdi spl acenent
of an unl ocked tube support plateis |linmted to about
two i nches, the unflawed tubes woul d not rupture. But
there is, of course, a concern that circunferentia
cracks on sone of these |oads coul d propagate.

MEMBER POVNERS: Joe, when you did these
dynam ¢ anal yses, you are including the shock and
vi bration, the structure during the bl ow down?

DR MJUSCARA:  Yes.

MEMBER PONERS: My questionis, howdo you

know what trace gives you is correct?
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DR. MJSCARA: Well, we had extensive

di scussion on this over the | ast coupl e of days. The
wor k was benchmar ked agai nst sone existing data and
al so was conpared to sone hand cal cul ati ons. Agai n,
if you want to go into sone detail --

MEMBER PONERS: Wel |, presumably | can ask
sone of the nmenmbers of the subcommittee about the
details of the viewgraph. The problemthat | think we
always had in |ooking at the dynam c anal yses was
squaring the calculated results to the eyew tness
accounts of what went on at the Turkey Point
bl ow-down. It just didn't seemto square in drama to
one another. So | amstruggling to know

DR. MJUSCARA: Well, actually, the
cal cul ati ons show defl ections on top plates as | arge
as three inches.

MEMBER POVERS: Well, the eyew tness has
described as being flown off the wal king deck and
seei hg waves com ng down the structures at him That

is a good deal nore deflection than three inches.

CHAI RVAN BONACA: | think that you can
bend the plates that way. | wouldn't be surprised, in
fact, if you would have boomng and all of these

noi ses and so on.

MEMBER PONERS: That is the difficulty we
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have al ways had, that we get these eyew t ness accounts
that are dramatic but suffer all of the same probl ens
of an eyew tness account. You really don't have any
nmeasurenments. You just have this guy's nmenory of a
| ong tine ago.

It isjust difficult tounderstand w t hout
havi ng experi nmental datathat you can actual |y conpare
directly for a simlar situation.

DR MJSCARA: | think we also had the
observation, again, at Turkey Point at the inside of
the generator after the transient. There was no
damage t hat was noticed. Also, of course, these | oads
have to be able to be coupled to the tubes. If you
can't couple the load to the tube, then thereis no --

MEMBER PONERS: It doesn't do anyt hing.
Yes.

DR.  MJUSCARA: So if you have a clean
generator, where the tubes are freetoslide, thereis
no load transmtted. If you have a degraded
generator, where many tubes are | ocked, then the | oad
is shared anong the tubes. So, again, it is not a
probl em

VMEMBER POWERS: Hal fway between is a
probl em

DR MJSCARA: Wll, it is not quite
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hal fway i n between, but we will see fromsone of these
nunber s.

So the finite el ement anal ysi s showed hi gh
flaw t ol erance under steamline break | oads. Now, if
t he nunber of |ocked tubes in a given region -- we
essentially | ooked at one-quarter of the generator in
flow symetry.

So if we have a nunber of |ocked tubes,

nore than 10, the true circunferential cracks, even as

great as 180 degrees to wall, 100 degrees around the
tube and all the way through the wall, are stable.
They will not propagate. |If the tubes are | ocked,

t hen cracks as nmuch as 300 degrees around t he tube and
all the way through the tube are stable and then
pr opagat e.

Agai n, we al so have to keep in m nd that
t hese ki nds of cracks woul d not be i n the generator at
the tine of a steamline break because they woul d be
| eaki ng and they woul d be taken out of service. So,
even though these large cracks are still stable, we
don't expect to have these during the transient.

MEMBER POVNERS: | guess | have trouble a
little with that statenent. You have always a
probability that you have got a 300-degree

t hrough-wal | crack in the steam generator.
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DR. MJUSCARA: That ki nd of crack woul d be

| eaki ng. And so it mght not be detected by
i n-service inspection, but it should be detected by
the | eakage monitoring. O course, if the |eakage
goes above 150 gpd, then there is an action, but it
has to be taken care of.

MEMBER PONERS: | f not that, then you have
got a 300-degree crack in the steam generator

DR.  MJSCARA: Well, you could have a
300-degree crack that is part of the through wall in
t he steamgenerator. In order to showthis, even with
it being cool, it is still stable. M coment is if
it weren't through wall, we would have detected it.
So if it is not quite through wall, it is still a
large flaw. And it is still thought of one.

MEMBER POVNERS: You are saying thereis no
probability of ever having a 300-degree through-wall

crack in a steamgenerator? It is absolutely zero?

DR. MUSCARA: No, no. | amsaying there
is some probability. | think it is fairly small.

VMEMBER POVERS: There is always a
probability?

DR.  MJUSCARA: Yes, yes. W had al so
| ooked at the potential for propagating these cracks

by the cycles, by fatigue. The fatigue analysis
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i ndicated that you have one or two pressure pul ses.
And, of course, the second pulse is |ower force.

We conducted sonme fatigue analysis to
denonstrate that, even with 70 cycles, thereis still
a margin for cracks. If we are assum ng only four
tubes are locked, -- again, this is a very
conservative assunption because if you have
degradati on, many nore tubes would be rotten -- then
through all cracks up to ten degrees still did not
grow | arge enough to cause failure. And if ten tubes
are | ocked, then the same is true for cracks up to 230
degrees, all the way through the wall. So, again,
thereis quite abit of margin, evenif we had fatigue
crack | oad.

So the conservatives, see, again, we
applied a 1.5 factor on the thermal hydraulic | oads.
And now we have many nore cycl es than what you expect
fromthe transient.

Qur concl usions were t hat | oads associ at ed
with MSLB are unlikely to fail tubes in the greater
generators with the current regul atory requirenents,
i nspection, |eakage requirenents, and so on.

W have felt t hat no additional
requirenments in the analysis or experinents are

needed. We have conducted sone experinments and some
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anal ysis. W have seen so nuch margi n t hat we believe
where we are finding these, we would not cone to a
di fferent concl usion.

| briefly wanted to nove on to the |ast
area | was going to address. This is the work that we
have been conducting on the response of primary
assi st ance component s under severe acci dent
conditions. O course, we did work on steamgener at or
tubes. And we have addressed that and discussed it
with you in the past.

We have conduct ed detail ed
el astic-plastic-creep finite elenment analysis to
determi ne the behavior of certain prem ses and
components during a station blackout reaction
sequence. We have | ooked at the hot |eg and surge
line, including O nozzles and outposts, the steam
generator manway in the RTD, and instrunent |ine
wel ds.

One of the things that we have found was
t hat nost of these conponents fail ed at approxi mately
the sane tinme. The predicted sequence of these was
the RTDwel d was first foll owed by the i nstrunent |ine
socket weld but a surge line to hot |eg nozzle, and
the hot leg surge line bend and finding the steam

gener at or nmanway.
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| should briefly nmentioned that these
anal yses were done with sonme early input on therma
hydraulics. Additional input, the |atest input from
t he thermal hydraulics eval uations will be used in our
near termto reevaluate these results. So we are
working, iterating with the other disciplines, and
updating our results as we need to.

In our work on these preexisting
conponents relating to the high tenperature
properties, we find that in sonme cases, data is just
not avail abl e. Many of these conponents were not
meant for high tenperature service. So we find a |l ack
of data, for exanple, on carbon steel for the nozzle,
on the manway cover bolts, and on type 308 stainless
steel welds; in particular, for the heat-affected
zone, where we expect that the material properties nay
be I ess than the rock material.

So the current analysis was based on
estimate of properties, where the data was not
avail able. On the other hand, this year, this fiscal
year, we plan on conducting high tenperature tests to
obtain the data where the data is |agging.

In a brief overview, this was all | had
pl anned on di scussi ng today. |f we may, we coul d nove

on to the summary on the thermal hydraulics. | would
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be willing to address any other questions if we can.

MR. BOYD: My nane is Christopher Boyd
fromthe O fice of Research. And | have been asked to
give a brief overviewof the thermal hydraulic aspects
of the steam generator action plan.

The work that was presented yesterday |
summari ze here. There were four aspects: the steam
generator | oads following a main steamline break or
a feedwater |ine break, aerosol trapping in steam
generators, the SCDAP/ RELAP5 anal ysis of the severe
accident conditions, and the conmputational fluid
dynam cs anal ysi s of the steamgenerator in the pl enum
m xi ng during those severe accident conditions.

The first aspect, the steam generator
| oads following the main steam line break or the
smal | er feedwater |ine break, this is part of generic
safety issue 188. This is a steam generator tube
| eakage concurrent with these large main steamline
breaks covered in the steamgenerator action plan in
the 3.1 area.

What was done, the test, was to perform
t hermal hydraul i c anal ysis using TRACE to devel op t he
| oads on these plates foll ow ng these two breaks. And
then this information would be fed onto the stress

anal ysi s for di spl acenent and crack growth
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assessnents.

The tests that were done t o make our sel ves
feel nore confortable with this analysis, the | oads
were conpared to predictions fromsimlar analysis,
such as Westinghouse analysis using RELAP and a
separate code that they develop for this.

Conservati ve | oad esti mat es wer e devel oped
and calculations to conpare with the TRACE results.
And then the technique TRACE, NTRACE was used to
predict sonme relevant tests of blowdown tests of
vari ous types. And then sensitivity studies were
performed on the nodel paranmeters, the input
paraneters, and the nunerics to gauge howt he code was
doi ng on this.

So the concl usions out of this were that
TRACE is capable of <calculating these therma
hydraulic conditions inside of PWR follow ng these
| arge breaks. The steam generator internal |oading
cal cul ated for the Westinghouse nodel 51 was very
conparative to the conservative boundi ng cal cul ati ons
and al so conpared well with some Westi nghouse RELAPS
predictions. It did not agree with Westinghouse
TRANFLO cal cul ations, which were significantly | ower.

The | argest internal forces are devel oped

by the acoustic transients occurring very early,
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first, second, follow ng the break for the nmain steam
i ne break at the mai n nozzl e |l ocation. This was done
at hot standby conditions.

Here is a little bit of data from that
mai n steamline break with the 4.6 square foot of open
area. You look at the DP across these tube support
pl at es. The hi ghest tube support plate is seven,
getting the | argest roughly eight and a half psi Qp
across it.

VI CE- CHAl RMAN WALLI S: | was thinking
about this again. You have a break, and suddenly it
depressuri zes sonmewhere. 1Isn't there an acoustic way
whi ch i s rat her sharp that goes fromthere, propagates
at the sane speed as sound and stean? And in a
quarter of a second, it goes about 100 neters.

So | don't quite understand. Maybe this
istobeinadifferent, another forum Maybe we need
to look at it somewhere else, but it isalittle odd
that you don't get sonme initial inmpulse from the
acoustic way, that you get this snooth behavior |ike
this.

MR, BOYD: Bill, did you take a | ook at
that? |s the TRACE code able to pick up that initial
wave that noves out from the break? This is Bil

Krotiuk, who actually did the work.
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MR. KROTI UK: Let's see. Two things. As

indicated in the conparisons with the test data, are
we successful inpredictingthetravel of the acoustic
wave from the tests for the sem -scale test that |
had?

One thing you have to remenber is that
when you get that depressurization wave initially in
a steam generator situation, it is a tortuous path
from the location of the break to the first tube
support plates.

So there are a fair nunber of
transm ssions and reflections before you reach that
tube support plate. So | think that would be the
reason why you woul dn't see --

VI CE- CHAI RVAN WALLI S: The reason you have
got this is that you have realistically nodel ed the
internals. It is not as if it is just a vessel with
a hole in the top.

MR, KROTI UK: That is right. The
internal s were.

VI CE- CHAI RVAN WALLI'S:  That is hel pful.
Thank you.

MEMBER PONERS: Let ne understand. You
have got the shockwaves going through a conplex

structure. And they get reflected, bounced off,
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bangi ng around each ot her so the points where they are
reinforcing in their points are cancelling. Do |
understand this correctly?

MR. KROTIUK: Basically, fromthe source
of theinitial depressurization, as you are traveling
back, if you hit an area change, you wll get a
partial transm ssion and a partial reflection. So
yes, there can be additions and subtractions to the
pressure wave as it travels back.

When Chris was nentioni ng about the hand
calcul ation, what | actually did is took the draw ngs
and based on the inmediate changes actually did
cal cul ate transm ssions and refl ecti ons and conpar ed
that with the peak forces that are cal cul at ed by TRACE
and got the sane order of magnitude.

MR. BOYD: Okay. That's all we had in
this area.

VEMBER POVERS: Chris, I amtrying to
understand the plot that you had there.

MR. BOYD: kay.

MEMBER POVERS: The tube support pl ates,
those are the pressure differentials across, then.
What are the TSPs across the top? Is this a | egend?

MR. BOYD: Legend.

MEMBER ROSEN: Let me ask a questi on about
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it. TSP 7 is the highest tube support going, so on
down?

MR, BOYD: Yes.

MEMBER ROSEN: The | argest pressure
difference? Am| interpreting that right?

MR. BOYD: Yes. To get to TSP 1, you have
to pass 7, 6, 5, 4.

MEMBER ROSEN: Right. So the first oneit
sees is 7, and that is the biggest difference.

MR. BOYD: It does seemto respond first
also. | should turn this over to Dana on this slide.
Anot her aspect in the thermal hydraulic work in the
steamgenerator action planis the aerosol trappingin
t he st eam generator.

Qur objective is to provide data in this
area. W aren't too clear what these nunbers will be
We can guess at the order of magnitude.

So there is a program at Paul Sherrer
Institut in Swtzerland. It is sonmewhat behind
schedul e, as | understandit. There will be five test
phases that will address retention of aerosols, the
deaggl onerati on deposition vyear, tube rupture,
deposition along the tube array, going on to do
retention in a full scale, steam separators and

dryers, and the conbined effects of the entire steam
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gener at or secondary side.

VEMBER KRESS: Is this saying that the
iodine officially getsinor isit ainmed at the severe
acci dent condition products that cone |ater?

MR BOYD: |1'mgoing to defer to Dana.

MEMBER POWERS: Tom this program was
concei ved wel | before DPGs and things likethis. This
i s the NUREG 1150 probl em where we di scovered that in
a bypass accident, we had not in our severe accident
nodel s t he capability of cal cul ati ng t he
decontam nation on the secondary side of the steam
gener at or.

MEMBER KRESS: |It's the whol e shebang.

MEMBER POVERS: Ri ght . And we nmade a
bunch of estimates for NUREG 1150 but came in with
very large uncertainties. Unfortunately, that bypass
accident isrisk-dom nant. So biguncertaintiesthere
translate into big wuncertainties in the risk
assessment. These tests are really designed to get an
aerosol problem which would be if all goes a ness
here before you get that.

MEMBER KRESS: So this is steam and
hydr ogen-borne fission products in a dry systenf

MEMBER PONERS: Yes, that's right. And

they are really not | ooking at the iodine problem at
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all. It is a separate issue. Now, the European
community |ooked a little at the iodine. It is not
very pertinent to our accident scenarios. It is only

pertinent if you have real big-time accident
managenent strategies to worry about the iodine
problemin this context.

MEMBER KRESS: It gets to the overall
risk.

MEMBER POVWERS: Yes. Just for your
i nterest, the experinent involves anearly full hei ght
steam generator nodel. | think it is actually
two-thirds height, but that is essentially full
hei ght .

MEMBER KRESS: Holes in the tubes?

MEMBER PONERS: A hol e pl aced ever ywher e,
once in a while depending on the nature of the test.
It involves full-scale actual separators and dryers.
| mean, they got themfromthe plants.

MEMBER KRESS: What ki nd of aerosol s?

MEMBER PONERS: Ri ght now ! think they are
going to run titanium dioxide. They are basically
| ooking for an iterate aerosol. This was not a
chem cal test. This was strictly a physical aerosol
test.

What | cantell youis that inthe test of
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just flowup the outside to the tubes, those esti mates
we did for 1150 are | ooking pretty good.

MEMBER KRESS: Do they try to simnulate the
thermal conditions in the --

MEMBER POVNERS: Yes, not --

MEMBER KRESS: -- that are projected in
t he acci dent?

MEMBER PONERS: Not in this first round.
It isaninterestingtest program He has |isted down
the five major tests here. |f they find anythingthey
don't understand in any one of those, each one of
those has atest matri x they can go explore. And each
one of those initially had two tests. And then there
isawhole matrix if anythinginteresting comes out of
it.

MEMBER KRESS: The attention in steam
separators and dryers, is that for BWRS?

MEMBER PONERS: No, no. These PWR steam
generators have a dryer and a separator up at the top.
They look alittle different than the boil ers devices
do, but they --

MEMBER KRESS: They are there.

MEMBER POVNERS:. They are there. And they
are not sonething you can actually calculate the

deposition in. Real ly, you have just got to go
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nmeasure the damm thing.

VI CE- CHAl RMAN WALLIS: Now I'ma little
puzzl ed here. You are not duplicating the heat
transfer effects, but inthis steamgenerator, you are
heati ng the tubes. So you are setting up circul ation
patterns in there.

MEMBER PONERS: No. This is flow valve.

VI CE- CHAl RVAN WALLI' S: No, no, no. Inthe
real thing.

MEMBER KRESS: This is going right there
like that. This is driven by steam

VI CE- CHAl RVAN WALLI S: Straight out to
wher e?

MEMBER PONERS: The only tinme you get in
trouble i s when you open up the safety rel ease val ve
on the steam

VI CE- CHAl RVAN WALLI S: Straight out to

wher e?
MEMBER PONERS: To t he great out of doors.
VI CE- CHAl RVAN WALLI' S: It is com ng out of
a tube. It goes into a steam generator. And that

steam generator has these big convection pallets
swel i ng around. Those products go through all sorts
of tubes before they go out.

VEMBER POVNERS: No. It is one shot
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strai ght up, out the safety relief valve.

MEMBER KRESS: You're thinking about the
desi gn basis accident. W are tal king about severe
acci dent .

MEMBER POVNERS: This is severe acci dent

VI CE- CHAl RVAN WALLI S: This is severe?
Does this have to do with what we saw in the CFD
pi ctures of the --

MR.  BOYD: W were calculating the
secondary circulations. And we talked a little bit
about the secondary side but not under the conditions
of a | eak.

VI CE- CHAl RVAN WALLI' S: But is theleak big
enough to overwhelm conpletely the circulation
pallets? It is a big thing.

MR BOYD: It pulls it straight out.

VI CE- CHAIl RMAN WALLI S: Well, you are
saying that, but | don't see any nunbers of the
pallets. | don't see any anal ysis.

VMEMBER POVERS: Unfortunately, ny CBC
machine is not right here at ny hand to give you the
pl ots, but | guarantee you when that is open, we are
going to the straight out of doors.

VI CE- CHAl RVAN WALLIS: Are you going to
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show ne this evidence sonetine, are you?

MEMBER POVNERS: You are too young to know
about severe accidents. That is seriously ugly tine.

VI CE- CHAI RVAN WALLI S: | ambei ng seri ous.
My inpression is that these big circul ation patterns
m ght have sonething to do with howthings deposit in
t he st eam generator.

MEMBER POWERS: If you want Dbig
circulation patterns, you need to nove inside the
vessel . That is where we get interesting circulation
patterns.

VI CE- CHAl RVAN WALLI S: Wl |, again, these
are all assertions.

MEMBER KRESS: They are backed up by
cal culations. W don't have any --

VI CE- CHAl RVAN WALLIS: It would be niceto
see the cal cul ations. Maybe | can sonetinme when | am
ol d enough.

MEMBER KRESS: Wen you are ol d enough

VI CE- CHAIl RMAN WALLI S:  Thank you.

MEMBER RANSOM \What is the path that is
fromthe core to the ruptured tubes? | guess they are
al ready assuned to be ruptured and t hen out the steam
l'ine.

MEMBER PONERS: Yes. And it depends a
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little bit on where you rel ease your tube, where your
tube is broken. Basically you either break at the
support plate or up at the UBEND.

The reason you get into bypass accidents
i s usual ly that you have | ocked open the safety relief
val ve on the secondary side. Renenber, everythingis
dried out on the secondary side.

MEMBER KRESS: |s it gas or aerosol?

MEMBER SHACK: It is gas, single phase
flow.

MEMBER POVNERS: No, it's two phases.

MR. BOYD: \Which one of the nmenbers woul d
like to take the next slide?

VI CE- CHAl RVAN WALLIS: Are you going to
tell us what the staff has done on this problem
besi des what Dr. Powers has done on it?

MEMBER PONERS: Dr. Powers is not doing
this. He is paying attention to what is going on.

MR. BOYD: | shoul d say that whenever the
results come infromthe arti st program we have pl ans
to incorporate those into some MELCOR anal ysi s.

VI CE- CHAI RVAN WALLI S:  You are nonitoring
the fl ow pattern i nside the steamgenerator so we can
see if Dr. Powers' assertions have held any water at

all.
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VEMBER PONERS: There is no water. It is

all steamat this point.

VI CE- CHAl RVAN WALLI S: W don't try to
hol d water.

MR. BOYD: So the next step, the next area
of work in the thermal hydraulic tasks is the
SCDAP/ RELAPS anal ysis. There are several tasks onthe
action plan.

Basically we are trying to calculate this
TMLB' station blackout transient. Now, just to
sunmarize it in a sinple way, we have got this
boil-off, a reduction in systeminventory, core and
covery leading to a period of rapid core oxidation.
By this tine, the steam generators are dried out.

One of the steam generators has a stuck
open relief valve. It is at atnospheric conditions.
So during this period of rapid oxidation, we see just
extreme increases in the tenperatures at the top of
the core and out into the hot | eg.

So all of the power from the core is
distributed to the reactor cool ant systemstructures,
i ncluding the steam generators. And all of these
structures are heating up at a very rapid rate.
obvi ously the thinner structures heating up faster.

Sonme of the thinner structures, though,
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i ke the tubes, are further fromthe vessel. So they
see a smaller tenperature, which helps. Anyway,
sonmething is going to break. And that is what we are
trying to calculate, what ruptures first. W are
approachi ng nelting tenperatures or headi ng that way
qui ckly.

So the staff has reeval uated t he wor k t hat
has been done over the past decade, | would assune.
And we have updated our assunptions and boundary
conditions using all of the | essons | earned to date.
We have conme up over the |last year with an inproved
best estimate prediction and conpleted a series of
sensitivity studies. That work was presented
yest er day.

The nodel i ng i nprovenents that we recently
made included nodalization studies, keeping things
physical. There were sone issues in the nodel, deep
in the nodel, revised material properties to be
consi stent at the highest tenperatures with the work
that is being done on the structures.

Realistic heat |loss to contai nnent, the
earlier calculations typically assunmed no heat lossto
contai nnent. Reactor cool ant punp seal | eakage. W
wer e assum ng no seal | eakage in earlier studies as a

default where the reactor coolant punps |eak
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i medi ately just based on the way they are designed
with no failures. And we put that in.

Thermal radiation nodeling inthe hot |eg
and sonme other conponents and then updated
in-the-plenum mxing parameters based on a
reeval uation of the 1/7 scal e experi nents and sonme CFD
anal ysi s.

The net effect of all of this, sone of
t hese changes woul d nmake things worse. Sonme woul d
make things better. But the net effect was just a
slight increase in the margi n between the surge line
and the tube failures.

At this point with this best estimate
prediction, the surge line fails about three and a
half mnutes to the hottest tube in an unflawed
condition. So we have gone a | ong way.

MEMBER PONERS: Let ne ask you a questi on.
There is an unflawed connotation strikes nme as an
i deal i zation that doesn't exist.

MR. BOYD: And when | say, "three and a
half mnutes,” let's step back a mnute. W are
tal king about thermal hydraulic analysis. In the
SCDAP/ RELAP5  code, there is a Larson-Mller
correlation. And we apply it with what | think of as

stress concentration factors of one, one and a hal f,
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all the way up to seven and a half. So I amtal king
about the tube that has a stress concentration factor
of one.

We only apply the tenperatures right at
the top of the tube sheet. And we were just doing a
sinmpl e anal ysis to get sonme feedback so that when we
make a change, we can get some feedback on what
happens with the tube failure wi thout having to go to
the material s people.

The real tube failure analysis will be
done using our conditions as boundary conditions.

MEMBER PONERS: What we have al ways want ed
to know here is what was consequential flaw  This
result, at least in qualitative | and, has been around
since 1980 that | know of. It said, "Well, if the
tubes aren't flawed, well, they are really good."

And they said, "Yes, but the tubes are
fl awed, but what we don't knowis, does that nake any
difference or not? Wat is a consequential flawfor
this conpetition?”

MR. BOYD: W can answer that question in
our crude analysis here wth this what stress
concentration factor onthe Larson-M Il er correl ation.
It mght have to be two. | think the answer on the

hottest tube is one and a half in this cal cul ati on.
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It is between one and a half and two.

| don't focus on those from a thernal
hydraul i c point of view They are giving us sone
feedback. | look at it as our crude scale. 1In the
end, | want to pass this off to Joe and Argonne to do
a detailed tube integrity study with our thernal
chal | enge.

MEMBER POVNERS: \When they do that, they
will goinand address the question of whether you can

actual ly use Larson-M I ler inthis tenperature range?

MR. BOYD: And none of that -- I will be
honest with you -- concerns nme in the thermal
hydraulic | and. | want to provide them wth
t enper at ures, pressures, and heat transfer

coefficients. They have given us this. W use it for
sone feedback.

DR. MUSCARA: We've done a great deal of
work to evaluate the behavior of tubes with flaws
under these high tenperature transient conditions.
And we benchmark the nodel s that we are using. W can
predict the test results quite closely.

MEMBER PONERS: | guess |' mnot sure what
tests you're tal ki ng about.

DR. MJUSCARA: W conducted a great nunber

of tests where we have tubes with flaws pressurized
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and failing themby different --

MEMBER POVERS: Ch, | understand what you
are tal king about. You are not talking about tests
that go into the severe acci dent nachines.

DR. MJUSCARA: Yes. These are tests where
we do sinulate the severe accident transfer.

MEMBER SHACK: It's ramping up in
tenperatures that we expect in the severe accident
condition. And we have flawed tubes. So we have
nodel s to predict the failure of those tubes and have
verified those nodels for ranp conditi ons aki nto what
the thermal hydraulics people calculate for the
crucial part of the accident.

MEMBER  KRESS: Vel |, how does
Larson-M Il er |ook?

MEMBER SHACK: It does very well.

DR. MUSCARA: In fact, it goes way beyond
the transient. W have run tests under i sothernal
condi tions and the constant pressure conditions and
under many conditions that we knew that we were
bondi ng the transient.

MVEMBER SHACK: | think froma materi al
side, the predictive capability is quite good.

MEMBER SHACK: For that part of the

anal ysi s.
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MEMBER KRESS: 1In a stress concentration
factor of one and a half, stress magnification, is it
a pretty big crack, is it?

DR. MJUSCARA: One and a half? Not too
bi g.

MEMBER SHACK: Yes. You know, as we say,
there is a certain probability that you wll have
flaws ranging fromone to a | arger nunber. W expect
the probability that it is greater than, say, two to
be quite small. Now, what quite small exactly neans
i s anot her questi on.

VI CE- CHAI RVAN WALLI S: Wbul d you ti e t hat
in, this nunber, one and a half to two, to the size of
t he cracks you were tal king about earlier? How big
does a crack have to be before this goes down to one
a half, goes to one and a half, say? Does it have to
be 90 percent through-wall?

MEMBER  SHACK: It's 90 per cent
t hrough-wall on a certain length. It could be --

VI CE- CHAIl RVAN WALLI S: So it's a big,
real ly bi g crack, sonething detectable. It's not down
in the range of 40 percent through-wall and you have
difficulty detecting that?

MEMBER SHACK: No, it's not.

VI CE- CHAI RVAN WALLIS: So that puts it in
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sone better perspective, | think.

MEMBER SHACK: The PRA people will have to
come up with a distribution of flaws.

VI CE- CHAIl RVAN WALLI S: So the PRA peopl e
are going to predict that?

DR. MUSCARA: They have our nodeling. And
so they are going to exercise --

VI CE- CHAIl RMAN WALLI S: They are going to
have to receive a distribution of flaws.

MEMBER KRESS: They have got some pretty
good dat a. We're tal king steam generator tubes.
They' ve got some data on that.

DR. MJUSCARA: We're providing the
distribution of flaws, providing the integrity
nodeling. They will exercise these to see what are
the probabilities of different size cracks.

MEMBER ROSEN: Let's tal k about the three
and a half m nutes for a m nute, tal k about flawed and
unfl awed conditions. The three and a half mnutes
doesn't sound like a very long tine. | mean,
sometimes Mari o gives us seven-m nute breaks. They
aren't very long. Three and a half mnutes --

MR. BOYD: Here's an anal ogy. The rate of
the heat-up nmakes that three and a half mnutes

significant. Let's say | took this laptop and | threw
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it intoavat of nolten steel. The case woul d al ways
nelt off before the hard drive. But if you tried to
make that cal cul ation, they would be nelting pretty
cl ose together in the grand schenme. That is the kind
of heat-up

VI CE- CHAI RVAN WALLI S: | think this is
right. You should not conpare it with the 14,000
seconds. You shoul d conpare it with when things begin
to start getting exciting. That is actually afairly
short time.

MR. BOYD: If | recall fromsome of these
past transients, about 15 mi nutes when things really
happen, tenperature increase. Wthin 15 m nutes, that
whole transient is over. So 10 minutes out of 15
mnutes is not too bad.

VI CE- CHAIl RMAN WALLI S:  Sorret hi ng happens
at eight, and sonet hi ng happens at nine, at ten and a
hal f or something. That is a significant difference.

MEMBER ROSEN: So you are telling ne to
t hi nk about 8 minutes, think about 10 m nutes, think
about 15 mi nutes, and thi nk about 3 and a hal f m nutes
inthat context. At three and a half m nutes, before
the hottest tube failed, they have got that nuch
margin out of the total transient that blasts from

this time zero to specul atively the end of 15 m nutes.
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Is that right?

| think you are suggesting to me to be
thinking that this is a lot of margin. AmI right?

DR. MUSCARA: Not necessarily. Wat | am
thinking is that you should be conmparing the failure
of steamgenerator tubes versus other primary system
components. Then if there is a difference of three,
five, ten mnutes, that is fairly significant. That
is awhole transient. Were these things are failing
i s about 15 mi nutes.

MEMBER ROSEN:. That was the answer to ny
qguesti on. This is a fairly significant anmount of
mar gi n.

MEMBER RANSOM Wl |, | certainly woul dn't
consider it a significant margin. Know ng all of the
uncertainties involvedinthese calculations, | can't
imagine trying to differentiate between these two
cases.

MEMBER S| EBER.  What's nost inportant in
t he sequence, as opposed to the anmount of tine that it
takes? What you are trying to do is to avoi d bypass.
You didn't say you need to have high confidence that
the failures will incur in the sequence that your
cal cul ati ons show, whether those are 3 mnutes or

whet her those are 20 mi nutes. As | ong as the sequence
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is there, it nakes --

VI CE- CHAI RVAN  WALLI S: What we heard
yesterday -- you haven't told us the whole story -- is
that there are these two predictions three and a hal f
m nutes apart, but there are uncertainties in both of
t hem And by changi ng your assunptions, you can
actually get it to got the other way.

So there is an uncertainty overl ap, which
may turn out to be so big. W have got to assune you
have an order of probability of having a lure froma
set of one. That may not maeke that nuch difference.

MEMBER SI EBER: It nay be that everything
is driven by the sane basic paraneters as far as the
failure tines are concerned. So | would think that
you may be sone place on the uncertainty pan, but you
woul dn't be in a situation where they cross.

DR. MJUSCARA: That was t he t hi nki ng behi nd
ny comment. |f we are wong on the tenperature on the
tubes, wong in the same direction of tenperature of
t he prime conponents.

VI CE- CHAI RVAN WALLI S:  Absol utely.

DR. MUSCARA: And if | do have three to
five mnutes difference --

MEMBER POAERS: It seens to nme that | have

seen a lot of evolution in our ability to calculate

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

200

this time differential here and changes in the way
t hey nodel the core neltdown, but |I have never seenit
switch over. It has always been the surge line first
because t he range of vari ations that peopl e are nmaki ng
in the score degradation nodels are not very big.

Some of the recent stuff that has been
com ng out of things Iike the TEBI S test m ght change
that, but those are things that are just not nodel ed
in the core now.

VI CE- CHAI RVAN WALLI'S: Wl |, yesterday,
actually, Joe presented that -- | think it was Joe --
the hot |eg nozzle could fail before the generator.

MEMBER PONERS: It's the nozzle.

VI CE- CHAl RMAN WALLIS: He did nmanage to
get these fol ks together. He did nanage to get that
to fail before the --

MEMBER SHACK: | think the real thing here
is the spread in the uncertainties of the failures.
| think Dana is right. Certainly Chrisis right. W
know that the surge line is going to heat up before
t he tube.

The question is, do the failure spreads
for those things overlap, how nmuch, how broad those
are? And those really haven't been addressed before.

And they will be addressed as part of this program
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DR  MJSCARA: Again, the reason you

haven't seenthe SRDfailing first in previous work is
because it is not nodel ed.

MEMBER SHACK: But even here, the surge
line, there is a spread. Actually, the uncertainty
for the unflawed steam generator tube is relatively
narrow, as these things will go in an uncertainty
anal ysi s.

The spread in the surge linewi |l be w de.
And the spread in the tines for the flawed steam
generator tubes will be broader yet. So you have to
| ook at all of those uncertainties.

MEMBER ROSEN: The failure of an RTD
nozzle, is that enough to protect the tubes? Does
that result in depressurization?

DR  MJSCARA: It results in a two-inch
hol e. And that is estimated to be enough to
depressuri ze.

CHAI RVAN BONACA: It's a wel d.

DR MJSCARA: Yes, it's the weld.

MEMBER SHACK: Yes, the weld for the RTD.

DR. MJUSCARA: Not necessarily. The back
wel d sees high tenperature.

MEMBER ROSEN: And that's enough to

depressuri ze the pri mary syst emand perfect the tubes.
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DR. MJUSCARA: That's the earlier.

MEMBER SI EBER: | would think so.

VI CE- CHAI RVAN WALLI S:  Can we npbve on now?

MEMBER KRESS: | guess usually when you
get around to doi ng these uncertainti es wi th sonet hing
i ke the Monte Carl o, you have to be careful about the
paraneters that are correl ated, |i ke maybe tenperature
com ng out of the core, and have a simlar effect on
both of them

So | guess when you do that Monte Carl o,
you have got to | ook at the correl ated paraneters. Be
sure you get those right because that could shift both

of themat the same tinme. But, anyway, that is just

MR. BOYD: Many changes we do nmake do j ust
shift. Are you del aying the period of rapid oxidation
if you do everything?

MEMBER KRESS: | think there will be such
correl ative paraneters.

VI CE- CHAl RVAN WALLI S: Vel l, let's | ook at
the next slide. | think you are going to find
somet hi ng there which does nmake a difference.

MR BOYD:. So sone sensitivity studies
were conpleted. Not listing themall but listing the

ones that had sone --
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VI CE- CHAl RMAN WALLI'S: The sensitivities

to assunptions? |Is that what you nean?

MR. BOYD: Sensitivities to assunptions,
i nput paraneters, boundary.

VI CE- CHAI RVAN WALLI S:  You don't have t he
mass flow and the hot leg in there as an assunpti on?

MR. BOYD: That's right. Now, when we
change the percent of core power transported to the
steam generators, that changes the hot |eg.

VI CE- CHAIl RVMAN WALLI'S: This is ny point,
and | have got to nake this seriously, that you cannot
make an assunption about that. That is sonmething you
have to cal cul ate.

The whol e thing is how nuch heat goes in
t he st eamgenerator, how nuch heat goes into the main
primry system It is the whole issue here. You
cannot say it is 30 percent or sonething.

As we discussed yesterday, if the steam
generator had no heat capacity and wasn't cool ed,
there wouldn't be any power going into the steam
generator. So you have got to think physically and
predict this thing which affects things the nost, not
percent of core power.

| thinkif we wote aletter, although you

got the nessage, we are going to have to put it in
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that letter so that it is there.

MR. BOYD: Qur dilemmma we went over
yest erday, we have got --

VI CE- CHAl RMAN WALLIS: It is not just a
dilemma. It is a fundanental foolishness in assum ng
t he answer when you should be predicting it.

MR. BOYD: We have got the limted 1/7

scal e test data, which gave us a value here. There

wer e sone cal cul ations done. | hate to even bring it
up. But they agreed to cone up wth sone
cal cul ati ons. Argonne did those. So they are

probably pretty good.

The problemis we tal ked yesterday about
t he core nodeling. Do you think core resistances
woul d affect this? Wen we change core resistance --

VI CE- CHAl RVAN WALLI S: Do you see what |
amgetting at? The whol e question here is heating up
t he steamgenerator to the point where it fails while
heating up the primary systemto the point where it
fails. That is the key question.

| f you are goi ng to assune sonet hi ng about
how much heat goes which ways, that is assumi ng the
answer, isn't it, because that is what nmakes one of
t hem happen before the other.

MR. BOYD: | guess ny point is ideally we
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woul d have full-scale test data.

VI CE- CHAl RVAN  WALLI S: Don' t say
"ideally." Just agree with ne that you have to
protect it. You can't assune it.

MR. BOYD: We have tal ked about this. W
realize that that is a weakness.

VI CE- CHAl RMAN WALLIS: It is not. It is
f undanent al .

MR. BOYD: The question is howdifficult
that is to calcul ate.

VI CE- CHAl RVAN WALLIS: | don't care. You
ought todoit, difficult or not. If youdon't doit,
you're just fooling yourselves.

MEMBER KRESS: You' re sayi ng t he one-scal e
test doesn't give you that?

VI CE- CHAI RMANWALLI S: The test hel ps you.
The test hel ps validate your nodel.

MEMBER KRESS: But it doesn't give youthe
answer, right?

VI CE- CHAl RVAN WALLIS: No. As you said
t here, the steamgenerator had no way of di sposing of
heat. There woul dn't be any power heat goingintoit.
So it is obviously totake alimting case. And then
it nmakes a difference to how nmuch heat goes. That is

t he whol e problemyou are trying to sol ve.
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As aresult, it is the key to solving the
problem which gets it first.

MEMBER PONERS: |'msorry | was not at the
subconmi ttee nmeeting. | notice that you are focusing
a lot on these accidents with the | oop seals intact.
Are you doing anything with the | oop seals bl own?

MR.  BOYD: Wat we're running is the
sensitivity studies and trying to determine if the
code predicts the |l oop seals to void out. And there
are instances where that is possible in the past.
Maybe if Don could help ne on that. |In the base case
that we are running in the major sensitivities of the
i nput paranmeters, we are not getting |oop seal
clearing in any of the | oops.

MEMBER PONERS: That is a strong portion
of what your | oop seal clearing criteria are. Do you
have good criteria for |oop seal clearing?

MR. BOYD: Let ne throw this one to Don
Fl etcher from | SL.

MR. FLETCHER This is Don Fl etcher from
ISL. | did the SCDAP/ RELAPS anal ysis that is being
di scussed here. The nodel that we have has | oop seal s
nodel ed. Those | oop seals will blowif the conditions
at the |oop seals indicate that they will.

The nodel will calculate with the | oop
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seals filled or with the | oop seals enpty. Wth enpty
| oop seals, the nodel is a flowthrough | oop through
t he hot | egs, through the steamgenerators, and back
to the core.

Wth the | oop seals plugged with water,
there is a circul ation path through the upper part of
t he hot | eg through the tubes of the steam generator
and back to the core through the | ower part of the hot
| egs.

The anal ysi s done to dat e has been only on
the TMLB' station blackout accident. And for that
accident, the |l oop seals for all of the cases we run,
i ncluding the sensitivity cases, haveremained filled
with water.

But we do anticipate that the PRA
i ndi cates we should | ook at other accident events,
especi ally those that have depressurizations in them
that the loop seals very well could out. I n that
case, the nodel will be adjusted accordingly.

VI CE- CHAl RVAN WALLI'S: They're not just
wet or dry. They're there. It's a hydrostatic edge.
And we need to figure out whether we stop. Do you
have enough hydrostati c edge to bl owout, stop, goi ng?

MR FLETCHER  Yes.

VI CE- CHAl RVAN WALLI S: Once they blow
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through, it is not so easy to calculate how mnuch
liquidis left.

MR FLETCHER  That is correct.

VI CE- CHAl RVAN  WALLI S It is not a
question of are they full, are the enpty. They m ght
be partly full. 1t can make a difference.

MR FLETCHER Right. And the test that we
make in the code is to |l ook for void fraction. If the
void fraction is greater than five percent, we assune
it is blow out.

VEMBER POVERS: | nmean, that's what |
think I was asking. That nodel canme from somewhere.

MR. FLETCHER: The nodel was devel oped at
| NEL originally.

MEMBER POAERS: Did that come fromthe
m nd of man or did that conme from sonme experinental
st udy?

MR. FLETCHER: For the |loop seals
t hensel ves?

MEMBER POWERS:  Yes.

MR. FLETCHER Basically, the way it is
nodel ed now is the standard way for nodeling |oop
seals with a horizontal cell at the bottomand article
cells on each side. That is the standard way of

nodeling |loop seals for LOCA events. It has been
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around for 20 years or so.

MEMBER  POVERS: That hi stori cal
precedence, however, does not |end often --

VI CE- CHAI RMAN WALLI'S: Let ne hel p you,
Dana. |f you go back to one of our letters on thernmal
hydraul i cs when we were tal ki ng about how wel | codes
do. We actually see an exanpl e of | oop seal clearing.
And | think, if ny menory serves ne right, that was an
exanpl e wher e sone t hi ngs were predi cted pretty badly.

W actually cited in this letter an
exanpl e of sonething which didn't work very well. |
forget which context it was in, but it was one of the
t hi ngs where we were sayi ng, "Look, the codeis set to
be okay, but for this particular application, it is
off by a factor of three" or sonmething. | renenber.
That is why we cited it. And | think it was a | oop
seal clearing.

Soif the staff were diligent, they could
probably find one of our letters on the thernmal
hydraul i c eval uati on of a code or sonet hi ng. The code
i s good enough for this purpose, but for some things
like loop seal clearing, it doesn't do a good job.

| think we can find that somewhere. |

don't know who is going to find it, but nmaybe we have
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MEMBER PONERS: We have staff who can pul |

it out.

VI CE- CHAIl RVAN WALLI S:  Good.

MEMBER POVERS: | understand what the
status is.

MR BOYD: So we're back on the

sensitivity studies. We will skip over the first one.
| will say that we have made inprovenents. In the
past that variable was not touched. That was a holy
grail. At least we are burying it.

MEMBER PONERS: You coul d not have said a
wor st case.

VI CE- CHAI RVAN WALLI S: | thought the holy
grail was a religious belief.

MR.  BOYD: We're burying the reactor
cool ant punp seal | eakage. The steamgenerat or out at
the wall, heat transfer, these aren't the only
sensitivities. These arethe sensitivitiesthat prove
to have sone significance. Sone of the sensitivity
studi es showed no difference in the tube failure.
Reactor cool ant system heat |oss to the contai nnent
and steam generator tube | eakage itself.

So at this point, these are finishing up.
We have got a fewnore sensitivities to do. And then

we are going to continue work going into an estimtion
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of the uncertainty.

VI CE- CHAI RVAN WALLI S: | think you are
going to fix that assunption and are just going to do
a few nore sensitivities.

MR. BOYD: We are probably going to march
on into the uncertainty anal ysis because | amnot sure
we are going to get an answer to that question.

VI CE- CHAI RVAN WALLIS: O course, it is.
| have got a fire in ny house. | have got kids in one
bedroom The adults are in the other. The question
is, which of them gets suffocated first? How nuch
heat goes to one room and how nuch heat goes to the
ot her ?

You cannot | egislate that 30 percent of
t he heat goes to the kitchen. You have to predict it.
That is what you are | ooking at here.

MEMBER POVWERS: You obviously have nore
affection for your steam generator than | do.

VI CE- CHAI RVAN WALLI'S: | amtrying to put
it in words that even soneone who knows not hi ng about
nucl ear systens woul d say woul d have to be true.

MR BOYD: Yes. So where we stand on
that, we have 1/7 scal e experinents that give us an
answer. And then we have t he SCDAP/ RELAP code, whi ch

has a multi-task core nodel. It calculates your
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buoyancy-driven flows and resistances in the core.
And it gives us an answer.

W have the hot leg CCFL limtations,
whi ch seem |i ke the RELAP code is giving us answers
that are in line with that. So that is where we
stand. Your concern is that we would do a better job
of calculating basically the vessel flows so that we
could couple those in with the hot I eg and the steam
generator fl ows.

Ther e have been di scussi ons, and there are
sone plans to look into that in greater detail we have
gone over today.

MEMBER SHACK: But, again, if that just
noves everything back and forth, they all nove
together, you could argue that it is not a critica
i Ssue.

MR. BOYD: We had done the sensitivities
to denonstrate that this is an inportant paraneter.
So we can do a better job of finding out where we are
on that.

MEMBER ROSEN: Wll, now, in this
topsy-turvy world, that cool ant punp seal |eakage in
these conditions is a good thing. |Is that right?

MR. BOYD:. That's right.

VEMBER ROSEN: More is better
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VMR BOYD: More is better.

MEMBER ROSEN:  You | ose i nventory faster,
and you fail the primary system There will be RCFs
before you fail the tubes.

MR. BOYD: You nelt the core if it is big
enough.

MEMBER ROSEN: It is arelief valve. It
is set in the contai nment, instead of outside. That
is this topsy-turvy world. Qut there in the rea
world, the utilities are working day by day on many
probl ens, one of which is to nmake sure the reactor
cool ant punp seals don't leak. They build nore and
nore robust seals, better seals. This problemis not
the right direction. AmI correct?

VI CE- CHAI RMAN WALLI'S:  This illustrates
the problem with saying making the seal better is
good. It is conservative for one thing. It is worse
for another thing.

MEMBER  ROSEN: It is better for
operati onal reasons.

MR. BOYD: At one point we wanted all the
heat to go to the steamgenerators to save the cores.
VI CE- CHAl RVAN WALLI' S:  Yes.

MR. BOYD: And now we want the core to

nmelt and save the steam generators.
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VI CE- CHAI RVAN WALLI S:  So you assuned 100

percent, then, for those days?

MEMBER ROSEN: When you go out far enough
in the situation, yes.

VI CE- CHAl RVAN WALLI S: That's a very good
poi nt .

MEMBER ROSEN:  You have got to renenber
vessel failureis atriunphinthis case, whichis why
| think the word "topsy-turvy" came to m nd.

MEMBER POWERS: Not if you haven't
depressurized. Vessel failure is not something that
you want to have happen.

MR. BOYD: But the steamgenerator pulling
all of this core heat away was initially the great
thing to save the core from nelting.

MEMBER ROSEN: That's what it normally
does. It takes the core, turns it into steam and
drives the turbine.

MR. BOYD: Now we don't want it anynore.
So we have got plans to continue on with an estimati on
of the uncertainty. |In addition, we are going to do
an anal ysi s of a combusti on engi neeri ng pl ant based on
some updat ed m xi ng coefficients, and we are going to
bring that analysis for those type plants up to speed

with the quality of the analysis. W have inproved
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t he design of the Westinghouse plant.

Now we are going on to the |ast phase.
This conmputational fluid dynam cs work was conpl et ed
to support the SCDAP/ RELAP5 anal ysis. The
one-di mensi onal SCDAP/ RELAP5 code relies on input
paranmeters to define some m xing in the inner plenum

W have a set of 1/7 scale data, and we
have used sone conputational fluids to |ook at that
and extend that data into full-scale conditions and
tube | eakage effects and different geonetries and
things like that.

So the issues addressed by the CFD work
were the applicability of the nethod, the scaling
effect. These are issues that the scaling effect has
been debated, the tube | eakage effect on m xing. The
sensitivity of theresults tothe governing paraneters
was studied in sone detail.

We | ooked at geonetrical distortions of
the 1/7th's facility conpared to a Westinghouse
prototypi cal steamgenerator. And then we | ooked at
a conbustion engineering plant exanple, which is
significantly different geonetry.

VWhat we found is that we have sone
confidence in the technique, at Ileast for the

descri bed problem The applicationto the full-scale
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st eam generator gave us a good bit of insights into
the m xing process. W have nmuch better prediction
now of tube to tube variations. Tube tenperatures
versus tine are available froma fluctuating plune.

In the grand schene of things, when you
step back, the mxing is still simlar to the
experiments. That is where we |anded there.

We | ooked at tube | eakage i n sone detail,
ran a whole battery of tests. | guess the summary
there is that the tube | eakage does not result in a
conpl ete bypass of the inner plenum The hot plune
rising totheinner plenumstill mxes and still m xes
rather well. The tube, the |eaking tube, does not
appear to pull the hot plune to itself.

Then we | ooked at a combusti on engi neeri ng
pl ant and found that the inner plenummxing in this
type of geonetry is significantly different. Now,
this is a specific geonetry. They have sone vari ous
desi gns. But in the one we |ooked at, which is
common, it had very little mxing conpared to the
experi ments.

Thisis the last slide, just tothrowsone
red neat.

VI CE- CHAl RMAN WALLIS:  Are you going to

have an animation? You are not going to have an
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animation of it?

MR BOYD: I'll work on that.

VI CE- CHAl RMVAN WALLI'S: Let nme say, as |
said at the subcomm ttee neeting, when you showed us
animations of this kind of thing, too, thisisreally
very, very good, the devel opnent of these tools. The
thing whichis wongisthat | thinkit has to dowth
the interfacing with SCDAP/ RELAP, sort of failing to
| ook at sone of the key phenonena there and sort of
forcing the assunptions, rather than cal cul ati ons, on
t he sol ution.

| f you had actually used CFDfor both this

and the core, which is not ridiculous -- this | ooks
|ike a core here, not ridiculous at all. The core
| ooks I|ike this. So what happens to the steam

generators? It is rather |ike what happens in the
core upsi de down.

MR. BOYD: The difference is the steam
generator is a sinple geonetry in the end. You have
got a bunch of skinny tubes. W sort of know what the

VI CE- CHAI RVAN WALLI S:  How many tubes did
you nodel ?

MR BOYD: W nodel ed 200 and --

VI CE- CHAI RVMAN WALLI S:  SCDAP/ RELAP nodel
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are five in the core, five passages in the core?

MR BOYD: W can come up with --

VI CE- CHAl RVAN WALLI'S: Do you see what |
am sayi ng?

MR BOYD: | know what you are saying.

VI CE- CHAI RVAN WALLI S:  The t hi ng you guys
have m ssed sonehow, | think -- and | could, of
course, be conpletely wong -- is that the key
questions about what is the flowin the hot |eg cone
out of full CFD analysis, not out of an assunption.
The power that goes to the steamgenerator has to be
an out put of the calculation. It can in no way be an
i nput .

MR. BOYD: And the dilemma | tal ked to you
about is that what you are asking us to do is a CFD
anal ysis of a reactor vessel cool ant.

VI CE- CHAI RMAN WALLI'S: There m ght be a
sinmpler way to do it, but there is no way you can do
away Wi th the key question.

MR.  BOYD: Wien you do sinplified
anal ysis, what you are doing is you are putting big
tuni ng knobs in there.

VI CE- CHAI RVAN WALLIS: | don't think so.
| think if you knew howto do it --

MR BOYD: If | knew the answer
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VI CE- CHAl RVAN WALLIS: -- CFD properly to

what happens in the top of the plenumthere in the
core, nost of these questions would not be answered.

MR. BOYD: Thisis typically asinmplified
nodel . It works best if you know what the answer is.
|f we are going to cal cul ate directly what the answer
is, then what you are saying is we need to cal cul ate
in detail with all that conpl ex geonetry our reactor
vessel .

VI CE- CHAI RVAN WALLIS: | think you can do
it. You have a very good nodel here. | think if you
| ooked to howto nodel that interface between what you
did and what happens in the core, -- and naybe
SCDAP/ RELAP can do the core all right; it's that
interfacing there which is screwed up -- you woul d be
predicting this percent of full power transport, not
assumng it. That is what you need to do.

| think if you give that some t hought with
the talent you have shown in solving this problem
maybe in a week you will know how to sol ve the ot her
one.

MR. BOYD: W have given it a fair anmount
of thought, though. That is the dilema we face. W
can definitely revisit it and try sinpler nodels, but

the truth is when you do a sinple nodel, you usually
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VI CE- CHAIl RVAN WALLI S: No. VWhat | am
saying is if you don't do that, you have got a bogus
answer .

MR BOYD: | will just put it out on the
table. What we had pl anned on doing is we are runni ng
sensitivity studies. W were goingtovary it through
a significant range, the wi dest range seeninthe 1/7
scale test. And then at that point, we can | ook at
t he ki nds of cal cul ati ons that you are tal ki ng about.

There is also aneedtowait until we find
out if it issignificant or not. If we have ranged it
t hrough a pretty w de range.

VI CE- CHAl RMAN WALLI S: The percent of core
power - -

MR. BOYD: And in the end, they find out
t hat sonebody' s inability to determ ne where the fl aws
are dom nates or sonething el se because it is a bigger
probl em than just --

VI CE- CHAI RVAN WALLIS: This flowrate in
the hot leg, you have an input, MH in the hot |eg
flow, right? Supposed that flow was zero. There
woul d be no heat transfer into the steam generator.
So you are assum ng sonething right away.

The way you are putting that is on the
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subscale. So I think that is a good check, but when
you get to a real reactor, you know you don't have a

basis for assum ng things.

MR,  BOYD: | can guess that it is not
zero.

VI CE- CHAI RVAN WALLI S: | will drop the
subject. | think | have said enough

MR. BOYD: We understand. But |I guess you
need to ook at it. We have | ooked at that, the
vessel . It is so conplex that it is difficult to

nodel . So when you sinplify it down into bl ocks that
you are going to nodel, then you have got to put in
coefficients. And if you knew the answer, you would
know j ust what coefficients --

VI CE- CHAI RVAN WALLI S:  SCDAP/ RELAP can do
it with five channels. And you have unpteen in the
st eam generator. Surely you can, even with five
channel s, nodel the core or ten or something.

MR BOYD: They have got five channels
wi th knobs on them

VI CE- CHAIl RMAN WALLI S: You don't have
knobs in CFD. It is an honest cal cul ation.

MR. BOYD: |If you don't nodalize enough,
t hen you have to put knobs in. | have got knobs on

the tubes here. W tal ked about that yesterday. W
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are not even nodeling the tubes in great detail, and
| have got knobs on those.

But they are easy to figure out because it
isjust askinny little tube in one-di nensional flow.
It is really a nuch easier knob to set and be
confortable wth.

W are willing to try, reevaluate this.
There are al so sone ot her nmet hods t hat we coul d appl y.
We could talk to you offline to couple the whol e thing
and have a cl osed sol ution.

MEMBER RANSOM One ot her aspect of this,
why are you using MELCOR for the severe core damage
accident? | thought that was the NRC s standard code
for severe accidents?

MR. BOYD: We are going to use MELCOR for
this. Right now the ball was rolling with RELAP
RELAP was considered a little bit nore advanced from
a thermal hydraulic point of view Qur job in a
sinple way is to provide pressure, tenperature, and
heat transfer coefficientstothetubeintegrity guys.
We t hought SCDAP/ RELAP had an edge nmaybe in that.

Now, MELCOR will be used because it can
track the fission products. And we are going to try
to repeat the SCDAP/ RELAP5 anal ysis with MELCOR. And

then we woul d be tracking fission product.
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MR. BRADLEY: Good afternoon. | am Dave

Bradley fromSAIC. SAICis a subcontractor to Sandi a
National Labs. My coworker fromSAIC, Paul Amico, is
our PRA guy. | am kind of a phenonenol ogy person
And that is the aspect of the program | wll be
wor ki ng on.

Dave Kunsman is the Sandia staff nenber
t hat has overal |l responsibility and oversight for this
effort for SAIC Roy Wods is the research staff
menber who has responsibility fromthe NRC side for
this effort.

The topic is PRA-related activities

related to t he acci dent -i nduced cont ai nnent bypass due

to steamgenerator tube rupture. | have got in front
of me the full presentation that | nade to the
subcomm ttee yesterday. Al | am going to address

today are the last two slides, which provide an
overview of the effort. So | amgoing to skip to the
end. |If you need additional discussion, | can al ways
page back to the preceding slides.

We ar e devel opi ng a probablistic approach
to treating containment bypass due to severe
acci dent-i nduced steam generator tube rupture. The
assunption that we nmade at the onset of this effort

was that this would be part of a risk-inforned
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application. Wat that neans is that you need a PRA
with certain capabilities. The capabilities can be
est abl i shed usi ng t he ASME PRA st andard, which | think
is out indraft or final. 1Is it final now?

MR. BOYD: Final now

MR. BRADLEY: That's final? That standard
provi des a framewor k for establi shing the capabilities
t hat you need for PRAto neet certain objectives. W
went through the standard. W provided a draft |ist
of capabilities that we thought woul d be needed for a
PRA to neet the needs of this project.

W al soidentifiedenhancenents tothe PRA
t hat woul d be needed for the specific area | ooki ng at
severe accident-induced steamgenerator tube rupture
acci dents and contai nnent bypass that would result
fromthat.

W prepared a draft nethodol ogy.

MEMBER APOSTOLAKI S:  So what are they? |
nmean, the fact that you did it --

MR. BRADLEY: They are a long list of
enhancenents. W went through t he ASME st andard poi nt
by point, area by area, human factors.

MEMBER APOSTOLAKI S: But you felt you
needed to enhance the standard?

MR. BRADLEY: No. Wy don't you address
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MR AMCO Paul Amico fromSAIC It is
not so much enhance the standard. The process says
you have to have certain capabilities. It also
nmentions that in some cases for certain applications,
you may need to do enhancenents to the PRA that are
not called for in the standard.

MEMBER APOSTOLAKIS:  So give nme a couple
of exampl es, Paul.

MR AMCO Okay. A couple.

MEMBER APOSTOLAKI S: Vell, here, for
exanpl e, this particular issue. Wat kinds of --

MR AMCO Partial failures.

MEMBER APOSTOLAKI S:  What ?

MR AMCO Partial failures. There are
sone i nstances where partial failures; as an exanpl e,
| eakage on the secondary side after the steam
generator goes dry. It isolates. It is not a stuck
open valve. But you just get sone |eakage by sone
path. That generally is not included in a PRA because
it is generally not relevant to the kinds of acci dent
scenari os that we anal yze.

But in this case, a small anmount of
| eakage coul d depressurize the steamgenerator. And

if that is a higher probability than a stuck open
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secondary valve, that is going to lead to higher
probability of having the conditions where you could
have a tube rupture because of the higher DP. That is
an exanpl e.

So we specify inthere. W go through the
standard and say, "Ckay. This part of your

application, this part coul d be category | capability.

This coul d be category I'l. Certain aspects woul d need
to be category Ill. And, oh, by the way, it is not
the whole thing. It is these specific areas within

t hat, those things that are rel evant to t he specifics,
| i ke st eamgener at or cont ai nnent bypass scenari os t hat
could cause a greater threat to the tube.”

The reason we felt we needed to put those
interns of enhancenments or special studies is because
a person using the ASME standard probably woul dn't
t hi nk of those things.

We are using a plant-specific PRA but not

MEMBER SI EBER: I n a generic sense?

MR, AM CO In a generic sense, we are
using the Comanche Peak PRA. W are using flawed
di stribution from another plant, the plant we have
data for. W are using the thermal hydraulic

responses from Zi on because that is what all of the
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nodel s were built for and we don't want the thermal
hydraul i c people to have to go back and doit. So it
is a hybrid kind of a plant.

The simlarities are enough that what we
are trying to do here is devel op a net hodol ogy. If |
have certain information, can | inplement this
net hodol ogy and use that information in a way to
calculate this, the rel ease frequency fromthis kind
of a scenario?

MEMBER APOSTOLAKIS: |I'msorry | mssed
t he subcommittee neeting. The docunent is onits way?

MR. AM CO The met hodol ogy was publ i shed
in June, and it is on Adans, yes. It should be in
your package. It was supplied to the subconmttee.

DR. MJSCARA: It was in the background
i nf ormati on.

MR AMCO Yes. Gkay. Thank you, Joe.

MEMBER APOSTOLAKI S: | don't haveit. Can
| get it? So that is not the point? You are
descri bing a docunent that is since |ast June.

MR AMCO In June. And, as you know,
when you are devel opi ng a net hodol ogy for somet hi ng
you have never applied before, you expect it to
change. So we consider this to be a draft

nmet hodol ogy.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

228

The intent is -- and we call it
ri sk-inforned application-- when we are done, we want
t he met hodol ogy to say, "If you are going to do this,
M. Licensee, then go to the ASME standard and
evaluate.” This is what we woul d expect to see.

So we are building the nethodol ogy,
saying, "Use the ASME standard in this way, rather
than witing a fromscratch nethodol ogy docunent.™

MEMBER APOSTOLAKIS:  Now, | am curious.
Did you find any reconmendati ons at this tinme that you
felt were not necessary here? You said you went over
all of the recomendations in the standard and you
realized that certain things that we needed were not
t here.

Did you feel that you needed everything
that is in the standard?

MR. BRADLEY: Yes. Essentially you still
need to have a conplete PRA. It is just certain parts
of it can be at a | ow capability. | mean, you still
need the conplete nodel. You have to do the
cal cul ati ons. But sonme of them could be at a
rel atively | ow capability | evel , not SO
pl ant-specific. And you would still get a reasonably
good result, plant-specific result.

So you woul d have to actually | ook at the
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docunent, where we say, "This probably isn't going to
matter. So you can be capability level 1 in
accordance with the standard."” This areais extrenely
important. There were certain aspects of HRA that
were extrenmely i nportant, errors of conm ssion, things
i ke that.

And we said, "That is to be capability
level 3. Hereis why. Hereis why." And that is in
t hat docunent.

MEMBER Sl EBER: Well, that's not your
nmet hodol ogy. That is what is going on now.

MR. BRADLEY: The deci sion-nmaki ng was
docunmented in the nethodol ogy docunent. W are
revising all of the decisions that were outlined
there. As Paul said, we do expect the nethodol ogy to
change, which is why it was i ssued as a draft and has
not been issued as a final

Qur plan is once you conpleted the
appl i cati on, we knowhowt he nmet hodol ogy wi I | actually
work in practice. W will revise the nethodol ogy
docunent and publish it again with the application
attached and descri bed. That woul d be our plan.

| did want to point out that the
nmet hodol ogy does use traditional PRA nethods. For

this effort, we are drawi ng very heavily on the work
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that was done for the PTS application, work very
closely with the fol ks at Sandia and the other SAIC

staff person, Allen Korkowsky, on the PTS.

MEMBER APOSTOLAKIS: | don't understand
the second bullet, "Underlying assunption will be
risk-inforned.” Wy do you even have to say that?

MR AMCO |I'msorry. That should be

worded a little better. Risk-informed as envisioned
inthe ASME standard. So what we are trying to say i s
we are going to apply that approach, as opposed to
just doing a risk-infornmed.

MEMBER APOSTOLAKI S That neans everyt hi ng
we do here.

MEMBER POVERS: Right. What we intended
-- and the bullet got shortened -- is that approach
specifically and linkingit tothe standard i s what we
are saying.

MEMBER APOSTCOLAKI S: GE intends to

submt what they call a PSA. | got befuddled. 1|'m
sorry. |"m sorry. | mxed it up with another
proj ect . Anyway, the risk-informed application is

somet hi ng sonmeone el se i s doing.
MR AMCO Correct. So we are saying we
are that person, and we are approaching it inthat way

so that when we are done, we can give it to sonebody
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el se and say, "If you are that person and you foll ow
this path, you will get" --

VI CE- CHAl RVANWALLI S:  So you are creati ng
sonet hi ng t hat soneone el se can use i n an applicati on,
MR. AM CO Yes, an approach.

VI CE- CHAl RVAN WALLI S: -- rather than
somet hing the staff can use for verification?

MR AMCO It is the sane thing.

VI CE- CHAl RVAN WALLIS: It is not. \What
the staff uses is quite different.

MEMBER ROSEN: What puzzles ne a little
bit, Paul, is what you are suggesting is that you are
buil ding a nethod so that every plant is going to do
a plant-specific analysis of this.

MR AM CO W have to develop a
nmet hodol ogy. And so what we decided to dois doit as
we were followng ASME's approach to submtting
somet hing to NRC

MEMBER ROSEN: So the plan is this is a
regulatory issue. It is going to be solved once one
way ?

MEMBER PONERS: Right. And what it nmeans
is that if the NRC says, like in PTS, we would |ike

four exanples --
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MEMBER SI EBER: I n any event, there is no

harmin witing down what you are doing.

MEMBER POAERS: I n the DPO docunent that
we wote, one of the issues that we had to focus on
was, in fact, the human error rate in taking steps
once a steam generator tube rupture had occurred.

The concl usi on that the panel reached was
what the staff had done up until then was consi stent
wi th the best standards and human error anal ysi s that
exi sted at the tine.

We al so recogni zed t hat had peopl e used a
different nethodology, they would have gotten
different results. It is really the rate of hunman
error of om ssion in this case.

There i s t he fanous Kor ean paper presented
in an Italian forum probably by a German that shows
peopl e using --

MEMBER APOSTCOLAKI S: Using a Finnish
si mul at or ?

MEMBER PONERS: - - using vari ous nodel s of
human error, hurman error rates that they get different
results. In your work on this PRA, is that kind of
nodel uncertainty to be addressed or are you just
going to accept whatever nethodology is adopted in

Comanche Peak anal ysi s?
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MR. BRADLEY: Well, that could be true, |

guess, within the framework of the PRAitsel f, | ooking
at uncertainty in the acci dent frequencies that woul d
cone out. | don't know what --

MR AM CO The answer is we will | ook at
what Comanche Creek did. Also, we will be using the
approach that was used in PTS. Allen Kol aczkowski is
al so working on this project. W are also going to
have Bill Hanaman, who also is an HRA expert that
| ooks at things a different way. John Forrester from
Sandia is also going to be involved. And we are
taking a very hard | ook at HRA and going to see what
kinds of errors need to be and how they need to be
i ncl uded.

MEMBER POVNERS: That woul d good because
t he docunent the conmittee produced in that areais a
ri ngi ng endorsenent to what the staff had, but it is
not terribly satisfactory because what it says is the
staff did what you could do at that tinme. It is just
that that is not very good.

And so | am heartened that you are going
to take a look at it and at | east quantify or in sone
way describe if we are good or bad.

MR,  AM CO W're going to use an

elicitation approach

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

234
MEMBER APOSTOLAKIS: Not elicitation. |

nean, elicitation is elicitation. But ATHEANA is
presumably dealing with the NRC Comm ssi on.

MR AM CO And we will have sone of
t hose, yes.

MEMBER APOSTOLAKI S: That's not a ringing
endor senent of ATHEANA W are spending a |lot of
noney on that. And we are goi ng to have sonme of that.

MEMBER POVERS: | don't know too nuch
about these nodel s and what not but what | knowis t hat
for the steamgenerator rupture acci dent, you have to
find out a period of time in which an operator has to
take an action. That depends on the nunber of tubes
t hat you have ruptured.

If | rupture enough tubes, there is no
time at all for the operator to take an action, but if
| rupture just a few, then there is a progressively
| onger, longer tine. And you have got to understand
t hat .

That was just an area that we came away
saying, "Well, gee, you know, | know what the
state-of -the-art is, but I don't know how to approve
that very much.” So you are going to take a | ook at
it. | think that is great.

MEMBER APOSTCOLAKI S:  That's exactly what
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ATHEANA i s supposed to do: define the context first.

MR. WOODS: Let ne spend 15 seconds. This
is Roy Whods with the staff. Clearly we want to use
t he sane experti se that we used on PTS. That invol ves
Al'l en Kol aczkowski and Donnie Whitehead. They
certainly were instrunental in devel opi ng t he ATHEANA
nmet hod. They know what they know. They know how to
do that kind of elicitation. They know how to take
t he kinds of things into effect.

And clearly there is an awful |ot of
ATHEANA that is going into this. You can call it
ATHEANA or you can call it sonething else, but it is
t hat method, taking those things into account. You
guys have made us a little nervous.

MEMBER APOSTCOLAKI S: No, but you are
maki ng us nervous, too.

MR WOODS: Then we nake each other

nervous. W are using what we | earned fromthat and

MEMBER PONERS: We' Il give you a huge form
to conplain about ATHEANA in a different context
today. Let ne ask a question, Roy, or just nake a
commrent .

Devel opi ng your expert elicitation, | will

tell you that when the group that prepared the
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docunent for the ACRS on the DPO came to this issue,
in our thinking on this that we certainly were
i nfl uenced on our opinion by the eyewi tness accounts
of what went on during the Turkey Poi nt bl ow down, you
m ght want to i n thinking about doi ng your elicitation
try to reproduce that kind of information for your
elicitees so that as you try to devel op context, you
have sone understandi ng of what a bl ow down of that
| ooks I|ike.

MR AMCO Yes. One of the issues here,
of course, is that this particular study, we are
| ooki ng at the steamgenerator tube failing after the
severe acci dent progression has started. It is going
to kind of be an interesting --

MEMBER POWERS: You'll still get this
scream ng, whistling, shocky, shaking, rattling
roll ercoaster kind of event if you have ever been
around a tube that blows. They are noisy. And it

surely nust have sone inpact on the human, perhaps

m nor .

MEMBER APOSTOLAKI S: So when do you t hi nk
you will have a PRA, Paul? That's okay. No
guesti ons.

MR, BRADLEY: Well, Paul already said

sonmet hing about this, the first bullet on the next
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slide. W are using an updated Comanche Peak PRA.
This is a 2002 version that they prepared and were
ki nd enough to --

MEMBER APOSTOLAKI S: Excuse ne. Has this

PRA gone through the peer review process, the PRA

process?

MR AMCO No, it has not yet.

MR. BRADLEY: So we have identified sone
enhancenents, as we nmentioned earlier, that will be

required to neet the needs of the project. W are
going to incorporate those enhancenents into the
exi sti ng Comanche Peak PRA nodel .

W will use the PRA to determne the
frequency of conditions that coul d | ead to contai nment
bypass, the result of severe accident-induced steam
generator tube failures.

That is sort of the front end of the
anal ysis. The back end of the analysis is trying to
estimate the probability that the tube would fai
before other RCS conponents under severe accident
condi tions.

We have al so taken on the task of doing
that by rolling in all of the existing tube failure
nodel s that have been generated at Argonne -- we

talked a little bit about those a few m nutes ago --
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incorporating a full spectrum or at least to the
extent that we can the full spectrum of nopdeling
uncertainties that gointo the tube fail ure nodeling.
We are also going to | ook at once a tube fails, what
the | eakage rate is fromthat tube because a single
tube may not give you a large release in a large
cont ai nnent bypass type of accident.

So we need to accunul at e | eakage until you
have got a sufficient |evel of |eakage that you have
a concern for off-site consequences. So we are goi ng
to actually cal cul ate tube failures in sequence until
we get to that | eakage level that is critical

VWhat we will do is the outconme of this
anal ysi s woul d be an uncertainty on the tinme at which
you have reached that critical |eakage level as a
result of tube failures. W want to then coupl e that
with the uncertainty distributionfor failure of other
RCS conponents.

There may be sone overl ap between these
two distributions. And that would be a condition in
whi ch the tubes could fail before you fail other RCS
components. The outcome of this effort woul d be what
the conditional probability of tube failure is.

VI CE- CHAl RVAN WALLIS:  This | ooks like a

maj or operation to nme. Putting together all of these
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physi cal nodel s and doing a Monte Carlo analysis is

not a trivial task.

MR,  WOCODS: Yes. | think the NRC is
| ear ni ng t hat t hese t hi ngs really are
multi-disciplined. | nean, a |lot of safety problens

are multi-disciplined. PTSwas. And if you want to
tackle it, then you have to take into account the
di fferent areas that affect what you are doi ng. These
becone huge tasks. Yes, they are.

MEMBER PONERS: | f you can do it as well
as PTS, you will score big points.

VI CE- CHAI RVAN WALLIS: If we spend that
much noney, we will be broke.

MEMBER PONERS: Well, yes. That is true,
t 00.

VI CE- CHAI RVAN WALLIS:  The risk here is,
of course, if you just say, "W need" nore and nore
and nore information to get a better and better and
better under standi ng of the uncertainties. So soneone
has to mai ntain a managenent under standi ng of are we
focusing on the right things?

MR. BRADLEY: Well, as we go through, we
are going to hope toidentify the things that are nost
inmportant and try tosinplify thingsalittlebit. It

turns out that one aspect --
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VI CE- CHAI RVAN WALLI S:  You can sinplify.

You don't have to get this tremendous know edge base
about everyt hi ng.

VR. BRADLEY: That is the whole thing
because | think the problemis very chall enging.

MEMBER ROSEN. What are the key operator
actions, the risk-significant operator actions that
you are | ooking at?

MR. BRADLEY: At this point we don't know.
Anything that affects conditions on the primary or
secondary side, it is a wide variety of potential
operat or actions and things that the operator m ght do
as a result of the severe accident managenent
gui del i nes.

MR. AM CO That review has just start ed.
As of about two weeks ago, we started the review of
the HRA that is in. Plus, we are reviewing the
procedures, Westinghouse procedures, the severe
accident guidelines, and trying to determ ne what
needs to be done. So that started about two weeks
ago.

VI CE- CHAl RMAN WALLI S: May | ask, Dr.
Ford, if you think we will be finished.

MEMBER FORD: You wi | | be finished at 3:00

o' cl ock.
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MR. BRADLEY: The | ast point onthis slide

issinply toindicate, as has been nmentioned al r eady,
that this is an interdisciplinary effort. W are
going to require a lot of input and a lot of
interaction between us and the thermal hydraulics
folks, a lot of interaction with the tube integrity
experts and Argonne, a lot of interaction with the
experts that are looking at failure of other RCS
components. So this is like the PTSeffort. W wll
involve this interdisciplinary team and a |ot of
integration between these efforts. That is all |1
have.

MEMBER POVNERS: | guess | want to correct
my question to you, Roy. W have the steamgenerator
integrity DPOstuff, but this seens to go afield from
that quite a bit. | mean, it |ooks like you are
addr essi ng anot her questi on.

Can you evolve ordinary accidents into
bypass accidents is what | think you are trying to
address here. |Is that correct?

MR. WOODS: This is quite a bit beyond,
but we hope to eventual ly kind of back up and i ncl ude
nore of what is inthe DPO, main steamline breaks and
that sort of thing.

VMEMBER PONERS: |t seens to ne t hat one of
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the things we woul d |i ke to know out of that, in that
context of the DPO, is, are there flaws that we
currently find acceptable that in severe accident
space consi derably exacerbate our risk? |s that one
of your targets here? Are you going to give us sone
i nformation that answers that question?

MR. WOODS: | amnot sure we are | ooking
at it that way, but we will produce information that
could be used for that if that is what you want to do.

MEMBER POVNERS: Yes. | nean, it seens to
me that is what | would |ike. This whole idea of the
alternate repair criteria is we can identify flaws
that we can continue to allow to exist in the steam
generator tubes w thout exacerbating the risks
exceptionally.

We have done that using a variety of
cl assic netal |l urgi cal anal yses, but we never took t hat
onto the severe accident space before and asked the
guestion that has al ways nagged on people, do we get
an evolution of severe accidents by whatever
initiation? They will go to the contai nment bypass
acci dent. Are there flaws that we augnent the
probability of that evol utioninan unacceptably | arge
way ?

| mean, it seens to ne that in that world
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of alternaterepair criteria, that isinformationthey
woul d really li ke to have because it m ght not ever be
reveal ed by these nore cl assic netal |l urgi cal kinds of
anal yses.

MR. LONG Thisis Steve Long with the NRR
staff. Let ne assure you that is one of the things we
are highly interested in, not so nuch that we think
that the 9505 ARCs are subject to a probl em because
they are limted to areas of the tubes that are
confined by structures.

We don't expect themto rupture or even
| eak anything other than a potentially very |arge
bl ow-down force that would actually displace the
confi nement for the support place. But for other
types of flaws for evaluations we do for the
signi ficance determ nation process for the RLP, this
is a very inportant question. W have our eyes
squarely on it.

We do intend to get that information out
of this study.

MEMBER POVNERS:. kay. That woul d be nice
if that kind of showed up on a viewgraph somepl ace.

MR. LONG As soon as we t hink we have t he
answer, we will et you know.

MR. BRADLEY: The nodel will provide the
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flaws that are bad from the standpoint of failing
early and al so fromthe standpoint of |arge | eakage.
So that will cone out of our analysis.

DR.  MJSCARA: And the study point, of
course, is flaw distribution, so flaws that are
potentially there and generate the normal operation.

MEMBER APOSTOLAKI S: s this where you
have your neetings? |Is this where you have your
nmeeti ngs?

MEMBER SHACK: 1t's ACRS conputer. That
i s where we have our neetings.

MEMBER FORD: GCkay. | think we're noving
on right now.

DR. MUSCARA: Yes. The NRR staff will be
presenting the next two i ssues. The first onew | be
t he i odi ne spi king i ssue and thenif thereis tinme, we
will talk about the voltage correl ations.

VI CE- CHAI RVAN WALLI' S: But we wi Il finish
by 3:00. W just have two nore issues.

MEMBER FORD: W' re taking the next one
definitely now, the iodine spiking. If we don't have
the time to do the next one, we will not giveit. W
will finish at 3:00.

M5. HART: This is Mchelle Hart. | am

fromthe NRRstaff, and | will be here to talk to you
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about what we have done on iodi ne spiking so far. As
| said in the subcomm ttee neeting, we had | ooked at
the raw data fromstudi es that you all had previously
| ooked at as well. And we did not conme up wth
anyt hi ng t hat woul d show t hat our spiking factors are
non- conservative consi dering t he conservati sns i n our
dose anal yses overal |

There was a question from M. Kress on
whet her with the higher spiking factors that are in
the NUREGif we would still neet Part 100 limts. W
went back yesterday and | ooked at that just to nake
sure. W did add in that square root of QP adjustnent
factor to scale fromthe steamgenerator to rupture to
the main steam|line break. | can show you --

MEMBER POVWERS: Did that square root of
AP factor -- | guess | amstruggling with what test
did that come from

MEMBER KRESS: That was going to be ny
next questi on.

MEMBER POAERS: | nean, how can we know
that the square root of QP is the scaling factor to
use?

M5. HART: We don't. It was given to us
by Dr. Adans, who did sonme of the tests. He said that

he t hought that, all things considered, that woul d be
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the nost that the scaling factor, the adjustnent
factor would be --

MEMBER KRESS: Is there a technical
rationale for that?

M5. HART: | was not involved with that
portion of it. And there are no words behind that.
| pulledit directly fromthe staff's response to the
DPO.

MEMBER KRESS: When you say "AQP," which
apP?

M5. HART: The change i n reactor pressure
to depressurization.

MEMBER KRESS: Change with time or
difference? It is a difference in pressure.

M5. HART: Difference in pressure.

MEMBER KRESS: \What difference is this
that we are tal ki ng about ?

M5. HART: Before and after the main steam
line break. Pre versus post is ny understandi ng.

VI CE- CHAl RMVAN WALLI S: Do you nean the
mai nt enance only --

MEMBER KRESS: So it's the starting
pressure, and then to come down, you've got an endi ng
pressure. And it's those two?

VI CE- CHAl RVAN WALLI S: Vel l, the next
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table is the square foot of OP is 4. Does that nean
that OP is 16 psi?

M5. HART: That nunber | actually pulled
fromthe NUREG fromthe ad hoc subconmttee. And
that is the --

VI CE- CHAl RVAN WALLIS: Is it the square
foot of megapascal es or something? Wat is it?

MR DOMWN G Excuse ne. This is Bob
Downi g. | am the section chief of containnment
acci dent and dose assessnment. We are ki nd of pl eading
nol o contendere on the AOP, square root of AQP. And
that is one of the reasons why you see in the third
bull et up there the need for additional data.

|f one wants to have a defensible firm
basis to go forward with whether we want this to do
sonet hing i medi ately, to take a conservative approach
i medi ately, or down the road to cone up wth
somnet hi ng mechani stic, either way we are goi ng to need
addi ti onal data.

And t hat square root of AP factor, as far
as | can tell, won't bear scrutiny.

M5. HART: Nevertheless, if we take the
spi king factors that you all had determned in the
subcommittee, ad hoc subconmttee paper, the NUREG

and applied that to a main steamline break anal ysis
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with the tech spec Iimts and the 500 tine spiking
factor that we assune gives you a 30 remthyroid dose
and then you apply the new spiking factors with the
pressure adjustment factor, all of those resulting
doses do remain below the full Part 100 limts.

And | do have the next slideis a chart of
t hat . | understand the chart is not necessarily
intuitively obvious.

MEMBER KRESS: What is the relationship
between the four and the nine? Are those two
di fferent acci dent sequences?

M5. HART: That was just the range that
was given --

MEMBER KRESS: That was a range.

M5. HART: -- in the NUREG paper that the
square root of AP was t hought to be sonewhere between
four and nine.

MEMBER KRESS: It was between four and
ni ne.

M5. HART: Right.

MEMBER KRESS: Your note at the bottomon
the off-site thyroi d dose acceptance criteriahad been
30 remfor steamline break?

M5. HART: That is correct.

VEMBER KRESS: Whi ch of these does that
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conmpare to?

M5. HART: Overall any main steam line
break with the accident-induced iodine spiking, we
woul d expect the | i censee to showthat they are within
30 rem thyroid.

VEMBER KRESS: Is that 73 remthere in
t hat ?

M5. HART: That does not neet that |ower
acceptance criteria, but it is within the 300 rem
thyroid Part 100 limts.

MR. DOMI G This is to address your
concern fromyest erday, where we were tryingto figure
out margin to Part 100. So we went back, and we said,
"Look, we will just take the nunbers that are in the
NUREG. We will apply the adjustnment factor for the
pressure shift to scale this data fromtrips to main
steam |l ine break, this hypothetical figure, and we
will see where we come out on this thing."

It was t o address your concern about where
are we sitting here today if we take that as the way
things really are in nature. So that is what we did.

The purpose of thisis to denonstrate that
we still -- 1 nmean, we are not nmeeting the 30 if this
istrue. W have places where we are going to go over

that but still within the 300 and again rem nding
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everybody that these are accident doses and not
anything that is supposed to be the acceptabl e dose.
This is a design dose. So that was the purpose of
this.

The other point, | believe, is that we
have one plant that is at the .1. Everybody else is
above that. Most plants have the one. So that is
where we are today. Hypothesizing, we take the NUREG
results and lay it on. And where do we cone out?

M5. HART: It is nostly the plants that
have inplenmented the alternate repair criteria that
are at 30 rem thyroid because they have got to
calcul ate to see how much | eakage they can get.

The ot her plants, the majority of plants,
the ones that are at one microCurie per gram are
nowhere near 30 rem thyroid right now with the
standard SRP assunptions and the | ower | eakage. They
are on the order of .1.

MEMBER KRESS: It still seens to say that
you ar e bucki ng up agai nst where you woul d t hi nk about
whet her or not you are neeting the design basis
criteria or not. That is the way the table | ooks to
ne.

MR DOMNIG Co to the next slide and show
hi m
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M5. HART: To hel p address some of that

concern, there are several conservatisns in a design
basi s accident analysis. W use a 95 percentile
net eorol ogy. The dose is the mddle of the plune.

MEMBER PONERS: When you nade t he deci si on
to use 95 percentile nmethodol ogy, did you nake that
deci si on because you wanted to conpensate for your
uncertainty in the spiking factor?

M5. HART: No.

MEMBER POVERS: You conpensated for
sonmething el se with that?

M5. HART: W are conpensating for the
fact that any net eorol ogi cal condition coul d happen at
the tinme of the accident. That is what that
conservatismis really about.

MR. DOMWNI G  Qur general practiceis where
there is a choice of two things, we pick the worst,
but we drive it to the farthest extent that we can.
So | don't think there is any coordination to manage
the overall uncertainty in any of this. It is just
conservatism laid on conservatism laid on
conservati sm

MEMBER KRESS: But this is the nature of
desi gn basi s accidents.

M5. HART: Right.
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MEMBER KRESS: Specify these things. Wen

you specify acceptance criteria, then they all work
t oget her.

M5. HART: Right.

MEMBER KRESS: So cl ai m ng conservati sns
doesn't help me in there because it is part of the
desi gn basi s concept. They are there for some reason.
| don't know why. Maybe we have over-specified the
acceptance criteria, but suppose we have acceptance
criteria that goes along with these conservati sms.

M5. HART: | don't knowif that is exactly
t he case.

MEMBER KRESS: But you know that is the
general nature of a design basis accident.

M5. HART: That is the general concept.
The maj or ones, of course, you know, for this spiking
is we do have a | ower acceptance criteria for their
desi gn that they are supposed to neet the ten percent

of the full Part 100 is what they are supposed to

neet .

MEMBER KRESS: Wiere did that cone fronf
Do you know?

M5. HART: That | don't know. There is
not hing that says what that is about. There are

several accidents that if they have a higher
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probability of occurring, they |lower the acceptance
criterion. And | think that that is the major reason
why those exist, those | ower acceptance criteria.

That is t he list of anal ysi s,
conservatisns, and ones that mainly are related to
this particul ar accident so that we don't take credit
for the plate out of iodine on steam generator
sur f aces. W don't take credit for retention or
dilutionin the building that it is released to. And
partitioning of the iodine is not fully credited.

MR. DOMNI G Basically, what we intend to
do from this point on is | think, nunber one, in
response to the concerns yesterday about what did we
do with the analysis in the NUREG and how did we
respond to that, the term"reduce" was used.

| think we need to go back and take what
we have done. And we have to go through your NUREG
poi nt by point and | ay that out and take our data set
and lay it against your data set and see why we are
com ng out somewhere different.

MEMBER POWNERS: I would certainly hope
that our data set and your data set were the sane.
Consi dering the struggle we had to find out what your
data set was, that nay not be the case. You know, the

DPO docunent comes in and says, "Is there a |inear
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correlation with the coolant activity and t he spi ki ng
factor? What is the issue?" and the staff says, "Not
enough to worry about and the di fferent professional
opi nion says, "There is one to worry about,"” our
docunment conmes back and says, "Well, it had not
anal yzed the data set correctly. There are two sets
of data here two different popul ations here,"” and if
we | ook for a correlation, the problemthat they have
in the interpretation is the time the data were
present ed, nobody was | ooki ng for such a correl ati on.
They t hought they were sanpling a particul ar nunber,
i nstead of sanpling froma sl ope.

It doesn't really matter. We didn't like
t he way t hey had done the sl ope. W thought that they
were taking the independent variable as having zero
uncertainty; whereas, it had at |east as nuch
uncertainty as the dependent vari abl e.

We canme back and said, "The fundanmenta
problem is they don't have a phenonenol ogica
under st andi ng of the source of this spiking." So you
are taking a stridently enpirical approach

| take it fromthis response that what you
are saying is "Don't care. W are going to take a
stridently enpirical approach on this."

MR DOWNI G No, we are not saying we
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don't care. Wiat we are saying is that this is a
tough call in the sense that to put this to bed, to
understand it fully, we think that it requires
addi tional data. W don't have any particul ar basis
for the square root of AP thing.

W have limted data sets that were
coll ected under certain circunstances. And their
pedigree is not for steam To put this to bed, we
would need to think about, exam ne ways to get
additional data to address these areas.

So one of the things that we think is
necessary is for us to work with sone folks and
research and ot hers as necessary to see what it woul d
t ake to have a defensible and enpirical base to build
a nodel fromto address the situation and see what
t hat | ooks |ike.

MEMBER POVERS: But you have peopl e who
have advanced nodels already out there. | nean,
believe the first nodel | found in this regard was
published in 1968 or '9, something like that. And
there has subsequently been sonme work by Fernando
| gl esi as and Brent Lewi s put together a nodel on that.

| mean, isn't that where you want to start
and say, "Are these nodels any good | ooking at the

data | already have before | go off and try to get
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nor e dat a?" because Lord knows col l ecting datainthis
particular area is a very tough job to do. | nean,
collecting good datainthis areais avery tough job.

MEMBER KRESS: | might be willing to say
t hat maybe we have got a bad rul e on the books and go
back and make some sort of risk-related analysis to
see if it isreally worth goingto all of this effort
to get this additional

Intuitively one |ooks at this thing and
says, "This doesn't look like a real risk to ne."
Al t hough the nunbers when you do this exercise, you
are bucki ng up agai nst sonme criteria, | think I would
t hi nk about maybe challenging the rule a little bit.

| know that is not nornmally done. You
have got rules on the book that have to be net. But
we are in the risk-inforned world again. I think
maybe if you take a risk-informed | ook at this, maybe
it isnot worth going to spending all of this noney to
really put this to bed.

| think | would think about that first and
t hen maybe you m ght decide differently.

MR.  DOMWNI G kay. Well, there's
obviously nore to cone. We will take the next step.
It is our objective to address your concerns.

MEMBER KRESS: W appreciate that.
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MEMBER FORD: Are there any nore conments

on this particular issue?

VI CE- CHAI RVAN WALLI S:  Has anyt hi ng been
resolved? There is some nore work. Okay. Okay. |
t hought so.

MEMBER S| EBER: They said it requires
addi tional data unless you are going to generate
experi ments.

MEMBER KRESS: My data says it is
expensive to do that.

VEMBER S| EBER: Yes. And that is an
alternative, which is --

MEMBER PONERS: Once nore, | think you run
intothe problemBill has on the | eakage vol t age curve
for sonme of his tubes. Even if you collect sone nore
data, you have got this hugely scattered preexisting
dat abase. And unl ess you collect data to overwhel m
t hat preexi sting database, all you have done is to add
a little nore scatter to an already scattered
dat abase.

| amnot sure you get anywhere with data.
| think you have got to to do two things. | think you
need to do the question and say, "Is this risk worth
neeting on? |Is there something | amtrying to achi eve

here nore than what is transparently obvi ous?"
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And you come back and say, "Well, no. |
am going to go beat on this one.” Then |I think you
sit down and say, "Can | understand why this is com ng
about, even if | only get things in round nunbers? |
mean, if | only understand trends here, before | go
of f and | aunch i nto anot her dat abase, it is just |ike
your tubes. You have got a shotgun pattern. How many
hundreds of tubes would you have to get data on to
turn that shotgun patterninto a straight lineif you
have got data that was froma populationto fill on a
strai ght |ine?"

| mean, it would be a block. You could
over whel m what you have al ready done.

MEMBER KRESS: Good point, Dana.

MEMBER FORD: | would like to unless
anybody wants to continue this discussionbringit to
a close. Joe, would you like to have any closing
remar ks?

DR. MUSCARA: | don't think beyond what we
had yesterday.

MEMBER FORD: | think ny closing remark is
t hank you very nuch, you and your coll eagues. The
presentations of the | ast three days were neant to be
for informational purposes. And the staff, at |east,

are not requesting a letter. |Is that nmy continued
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under st andi ng?

On that point, | turnit back to you, M.
Chai r man.

VI CE- CHAl RVAN WALLI S: We're goingtotake
a break. And then we conme back. We are going to take
up the matter, | understand, of the research, Paul?

MEMBER POWERS: | think we are going to
take up the research reviews.

VI CE- CHAl RMAN  WALLI S: The research
reviews. Gkay, researchreviews, rather thanresearch
report.

MEMBER POVNERS: | think we can go off the
transcript.

VI CE- CHAI RVAN WALLIS: We can go off the
transcript or we are going to have sonething else
| ater on?

MEMBER POVWERS: No.

VI CE- CHAI RVAN WALLIS: We don't need the
transcript after now Thank you very nuch. W wll
take a break until 20 m nutes past 3:00.

(Wher eupon, at 3:04 p.m, the foregoing

matter was recessed, to reconvene in

cl osed session at 3:20 p.m)
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